SANDS AND CRUSHED ROCKS 



OXFORD TECHNICAL PUBLICATIONS 


SANDS 

AND CRUSHED ROCKS 


VOLUME I 

THEIR NATURE, PROPERTIES 
AND TREATMENT 


BY 

ALFRED B. SEARLE 

CONSUr.TING EXPERT ON ROCKS AND ROCK PRODUCTS 
LECTURER UNDER THE CANTOR BEQUEST 

AUTHOR OF ‘BRITISH CLAYS, SHALES AND SANDS ’ ; ‘REFRACTORY MATERIALS: 
THEIR MANUFACTURE AND USES*; ‘MODERN BRICKMAIvING ‘CEMENT, CONCRETE 
AND bricks’; ‘bricks AND ARTIFICIAL STONES’; ‘ABRASIVE MATERIALS*; 
‘ KILNS AND KILN BUILDING,’ ETC. 


LONDON 

HENRY FROWDE and HO ODER & STOUGHTON 

THE LANCET BUILDING 

I, BEDFORD STREET, STRAND, W.C.2 


1202 



First J>rinied 1923. 



Printed in Great Britain by R. & R. Clakk, Limited, Edinburgh, 



PREFACE 


Sand is one of the most abundant substances in the world ; its 
present and possible uses are multitudinous, and far greater than 
is generally realised, for, notwithstanding their abundance and 
usefulness, sands have been studied to a very limited extent. 
Like the clays, which are so complex in structure that few chemists 
care to study them, and consist of such small particles that geologists 
and mineralogists can only investigate their properties with the 
greatest difficulty, sands have largely been neglected by the Univer- 
sities, and most users of sands have had neither the facilities nor 
the training to investigate them as fully as is desirable. This 
neglect, until comparatively recent years, of the systematic study 
of sands and other detrital sediments is the more unfortunate as 
many of them are of great commercial importance. It is now being 
increasingly realised that this branch of natural science presents a 
very wide field which, if developed, wiU prove of untold value to 
the many industries connected with such materials. 

Special mention should, however, be made of Professor P. G. H. 
Boswell’s Memoirs on Sands suitable for Glass-making (Longmans, 
Green & Co.), and Refractory Sands for Furnace and Foundry 
Purposes (Taylor & Francis), which are excellent examples of 
the valuable work in applied science which can be done by an able 
investigator acting under the auspices of a Government Department 
in connection with a subject of this nature. 

These and numerous papers by other investigators naturally cover 
only certain aspects of the subject, and, as there is no book in the 
English language which deals with the subject of sands and crushed 
siliceous rocks in all its aspects, it has, hitherto, been impossible for 
any owner of sand to ascertain readily for what purposes his material 
is suitable. Similarly, users of sand and allied materials have not 
been able, without an excessive amount of labour, to ascertain the 
most likely sources of material suitable for their requirements, or to 
consider whether methods of treatment extensively used in other 
industries may be applied with advantage to sand. 
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PREFACE 


The purpose of the present volumes ic to summarise in a con- 
venient form such geological, chemical, and mineralogical informa- 
tion on sands as is likely to prove of value to those engaged in the 
digging, sale, and many uses of these materials, and special attention 
has been paid to the properties which are respectively desirable and 
harmful in sands used in various industries. It is hoped that, by 
this means, sellers may find suitable and possibly unexpected 
purchasers, and users may ascertain what to look for and what to 
avoid when ordering supplies of sand. 

As the nature of the many sands cannot be rightly understood 
unless their geological origin is appreciated, the various modes in 
which sands have been formed are described somewhat fully. 

To facilitate the study of any particular product, and to assist 
those readers whose interest is confined to certain chapters, a small 
amount of repetition has been regarded as permissible, and numerous 
cross-references have been inserted. 

In addition to the information gained in his jDractice as a con- 
sultant on various siliceous materials, the author has, for many years, 
read all the leading British and foreign scientific and technical papers 
dealing with these subjects, and a considerable amount of information 
therein has been included in the present volume. All the relative 
British patent specifications have been examined, and the leading 
features of those which, in the author’s opinion, are of value have 
been mentioned. 

The author has also been greatly assisted by information willingly 
contributed by some of his clients, and by that obtained from a 
large number of other sources, which he has acknowledged as far as 
opportunity permitted. Since the subject covers so wide a field, 
and information concerning it is contained in so many publications 
not readily accessible to the readers for whom this volume is written, 
it has been considered undesirable to give full references, as these 
would occupy a large amount of space without serving any pro- 
portionately useful purpose. 

In collecting the information contained in the following pages, 
the author has had the invaluable assistance of Mr. W. L. Emmerson, 
who has also read the proofs ; Mr. F. Stones has compiled the 
Index. To both these gentlemen, as well as to other members of 
his staff who have rendered assistance in other ways, the author 
is correspondingly grateful. 

ALFRED B. SEARLE. 


Sheffield. 
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CHAPTER I 


THE ORIGIN AND FORMATION OF SANDS 

Sand is a term commonly used to indicate a material consisting 
of small grains of silica, in the form of quartz or quartzite, or of 
other minerals of a highly siliceous character, though some sands 
(such as those found in mineral placers) may contain very little 
of these constituents. It is also applied occasionally to other 
materials consisting of small irregular particles and possessing an 
appearance somewhat similar to sand. Thus, when firebricks are 
reduced to a moderately coarse powder the product is sometimes 
known as '' brick-sand,” and carborundum when similarly reduced 
to powder is sold as fire-sand.” In this volume, the term '' sand ” 
is used to indicate any loose, detrital, granular material occurring 
in accumulations of various kinds as a result of atmospheric, 
aqueous, chemical, volcanic, or organic action, and of any size 
between 0*01 mm. and 2 mm. (0-0004 in.-0-08 in.) diameter, but a 
few other substances in the form of granular powders are included, 
as they are commonly known as sands.” 

No precise limits can be stated for the size of particles of sand, 
and though the ones just mentioned are usually adopted, there 
must, of necessity, be some amount of liberty, as some materials 
known as sands contain particles less than 0-01 mm., whilst others 
contain particles larger than 2 mm. in diameter. This is particularly 
the case when the term sand ” is also applied to the materials 
obtained by crushing sandstones and other rocks or to those 
obtained as by-products in various industrial processes. 

The following definitions proposed by Seger are generally 
accepted as a standard ” : ^ 

Silt . — All grains between 0-01 mm. and 0-025 mm. in diameter, 
washed out by a stream of water having a velocity of 0-7 mm. per 
second. 

Dust Sand . — All grains from 0-025 to 0-04 mm. diameter which 
are washed out by a stream having a velocity of T5 mm. per second. 

Fine Sand . — ^All grains between 0*04 mm. and 0-33 mm. in 
diameter. 

Coarse Sand . — All particles with a diameter above 0-33 mm. 
but less than 2 mm. 

^ The definitions given by other investigators will be foimd in Chapter V. 
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THE FORMATION OF SANDS 


Particles smaller than 0*01 mm. in diameter are usually ten 
clay, whilst particles larger than 2 mm. in diameter are class iJ 
as gravel, the latter name being applied to particles up to 10 u 
in diameter ; for still larger pieces the terms pebbles or stones 
generally used. 

It will be observed that the use of the term sand is Ian/' 
based on the physical properties, and particularly on the siz» 
the grains, rather than on the chemical composition of the mater 
This distinction is important and should be borne in mind, a 
explains why materials of widely different composition and differ' 
from each other in many other respects are all regarded as sand 


THE FORMATION OF SANDS 

Sands are produced by the disintegration of various roclv.n 
such natural forces as wind and water, heat and cold, etc. Tl ' , 
may be derived from almost all kinds of rocks, though they usii/ 
originate from highly siliceous ones. As the nature of a 
depends to a large extent on that of the rocks from which it I' ’ 
been formed, it is important to consider these briefly. 


IGNEOUS ROCKS FROM WHICH SANDS ARE DERIVi:* ' 

Modern geologists are now agreed that all rocks have origin s ' 
been in a molten condition, though it is improbable that any accr ‘ ' 
ible portion of the earth now remains in its original conditi* 
owing to the action of the weather and to movements in the (si? ’ ' 
itself. 

Rocks whose nature shows that they have passed thron-" ^ 
a molten state, and have afterwards become solidified, are k!i*^ " 

as igneous rocks ; they form the primary material from win ■ 
all sands, clays, shales, and many secondary rocks are prodtiM 
After being exposed to the weather, and to various chemical * * ' 
mechanical agencies, they are converted into secondary or i * 
mentary rocks, in a manner which is described in greater di . * 
later. 

The primary igneous rocks appear to have been thrown » ’ 

from the interior of the earth by violent volcanic action, or f la* i 
have been injected (by pressure from below) into cracks 
fissures in the earth’s crust, and in solidifying have formed dU > 
and veins. Although all igneous rocks are originally the n- 
of internal pressure, and so are, in a broad sense, due to volcm , ; , 
action, it is customary to divide them into three groups, the t* ? 
“volcanic” being limited to those materials which have It*. 
thrown on to the surface of the earth in geologically recent tiii^i ,, 
In this way igneous rocks may be classified as (i.) Plutonic rm i 
(ii.) Hypabyssal rocks, and (iii.) Volcanic rocks. Each of Hit * 
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divisions is further classified according to their chemical composition 
as shown in Table I. 

Table I. — Classification of Igneous Rocks 


Origin . 

Plutonic. 

Intrusive. 

Volcanic. 

Volcanic. 


Nature . 

Holo- 

crystalline. 

Heini- 

crystalline. 

Semi- 

glassy. 

Glassy. 

Chief Constituents. 

1. Acid . 

Granite 

Quartz fcl- 
site, eivans 

Ilhyolite 

Obsidian 

Quartz, felspar 
(orthoclase), micas 
(muscovite, biotite). 

2. Sub-acid . 

Syenite 

Mnettes 

Trachytes 

Pitchstone 

Alkali-felspars, 

hornblende. 

3. Sub-basic. 

Diorito 

Kersantite 

Andesite 


Plagioclase-felspars, 

liornblende. 

i. Basic 

Gabbro 

Dolerite 

Basalt 

Tachylite 

Plagioclase-felspars, 
olivine, augite. 

5. Ultra-basic 

Peridot! te 

Picrite 

Limburgito 


Olivine and augite 
or hornblende. 


Plutonic Rocks 

Plutonic rocks consist largely of aggregates of a coarsely 
crystalline character, the distinctive features of each variety 
depending on the predominance of some one or more particular 
constituents. 

Granitic rocks are widely distributed, and form the principal 
mass of the chief mountain ranges, especially those in Northumber- 
land, Cumberland, Westmorland, Devon, and Cornwall, in England, 
the Grampians in Scotland, and in Antrim and Wicklow in Ireland. 
They are mixtures of various siliceous minerals cemented together 
into a hard and compact mass, the chief constituents being felspar, 
quartz, and mica, though leucite, nepheline, free silica in various 
forms, and small quantities of various other silicates may also be 
present - 

Felspar is generally the principal constituent, quartz being 
next in importance, and mica third. The quartz often surrounds 
and encloses less stable and less durable minerals, thus acting 
as a protecting agent. As all the most important constituents 
of granite are siliceous, the proportion of silica is very high, being 
usually over 66 and sometimes as much as 80 per cent. The 
specific gravity is about 2-65. 

Being the oldest of the accessible rocks, the granites are usually 
found beneath the others, but in many instances they have been 
thrown upwards by earth movements or uncovered by weathering, 
so that they also form prominent mountains and hills. Granitic 
rocks also form dykes and veins in sedimentary rocks of much later 
formation, or even in other granitic rocks. The material forming 
these veins and dykes is often somewhat different mineralogically 
from the main granitic mass from which it is apparently derived, 
and it often contains minerals not found in the latter, such as 
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beryl, garnet, and other pn^eious stones. •( Granite rucks may, 
in fact, occur in any formation and itiay 1 h‘ produecMl at any time. 

The accessory ’minerals found in granite, an* soim‘tiines in 
sufficient quantity to makt*. tlnnn important, and many types of 
granites are nanunl after th(^ particular a(‘c*essory mimn’ai whii’h 
predominates. Thus, tourmaline, (jranile (*ontain.s tourmaline in 
place of some of th(^ mi(uy hornhlende granite eonhiins a eoiisiderabh* 
j)roportion of hornbl(‘nd(‘. ddi(*se aeec'ssory miiH‘rais giv(* (*hariu’ter 
istie colours to the granite in which tiny (K*(*ur, and {-onscc|m’nl ly 
granitic rocdcs froni (lilT<a’(‘nt parts of tin* country vary eonsideral>I> 
in colour. Thus, granite*, from Ihnamshire and (‘(*rn\vall is c’hitdk 
grey in colour, with a vvelhcom parted grain, in which hornblende 
is very notie(^able. Nc^an*!* Land’s Kinl, yc‘Ilow porphyrilie graniti* 
is found (containing large charact(‘ristic (*rystals of f(*ispar known 
as “ horstds t(‘(*th ” ; whilst Shap granih* of \V(‘stm<H*land <'ontain> 
large* r(‘d felspar crystals, and tak(‘S a })eautiful ptdish. Setdcfi 
granit(^s are usually bluish gr(‘y, and so is much of that in Ireland, 
though r(*(l granit(^ is found in (lalway and I)on(‘gaL 

As granites are r(‘.ally Indcrogcmeotis nuxtunss of c(‘rinin miin*ra!s, 
tln‘y have no (hdinite (diemhuil composition, and in the same lull 
halha-doztm vari(*.ti(*s may oft(m lx* found, tin* ditfer(*ne<*s being 
d\ie to variations in the eompositions and the pr<qK>rtionH of the 
various f(dsj)ars and mica pioscmt in addition to tln^ cpuirt*/: and 
ac u i( *sHo ry mi neral s . 

Syenites are an int(;rnH‘(Iiat(‘ vari(*ty (»f jdutonie rocks, eon 
Bistirig chi(dly of f(*lspar (j)ink orthoclasc* with some* plngifH'lasei 
and hornhl(‘nd(^, ({uartz hedng [^n^sent in a mueh smalh*!* (pianlil>* 
and only as an ace(^ssorv mim'ral. Tiny form a group «d rocks 
of varying c()m])osition, and Ixuiring ditTer(‘nt narm*s according 
to thci predominant (K)nstitu(*utH. Zircon ocx'urs ocf-asioniiily in 
i } n } ) ( ) rt an t a m o u 1 1 ts . 

Diorites are also interim *diat(^ rocks, and rcsc'mhlc* grey gniniicH 
in outwuird appearaiKo. Th(‘y eonsist prineipally of plagiochiHc 
fedspar and hornblende, togetluu* with aexossory augih*. Qinul/, 
is sonudirneB presemt and may Ix^ an inqjortant eonHtitU(‘ni in 
acid diorites. 

Gabbros arc more basic than syeriitc^H and diorites, and c*onsi«t 
of a plagioclase-folspar together with pyroxern^ niin(‘ralH, eontaining 
high percentages of iron, lime, and magnesia, from winch ihe%’ 
derive the name of basic rocks. The partiendar variety of f(‘rr(i 
magnesian mineral y)resent varies in different rocks;" iivernmny 
(piartz also may be present. 

Hypabyssal Rocks 

Hypabyssal rocks are intermediate in structure bedwoem flutonic 
and volcanic rocks. Generally they are fine-graincxi, hut th(^ Ixisie 
varieties are coarser. They are sometimes termed ‘‘ trayerocks/* 
on account of the fact that they usually occur as dykss and igneenm 
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intrusions in other rocks. They are widely distributed, form- 
ing large portions of the Cheviot, Welsh, and Derbyshire Hills, 
and occur less extensively in Leicestershire, South Devonshire, and 
Cornwall, the Pentland and Lammermuir ranges in Scotland, and 
the bulk of the Irish hills ; in short, the chief districts occupied 
by the '' Old Red Sandstone ” and the “ Coal Measures.” 

They are often columnar in form (cf. Giant’s Causeway), and 
are undoubtedly of igneous origin, but some having been formed 
at great depths, some under the pressure of water, and others 
having been re-fused and passed through more than one eruption, 
their texture and character are naturally extremely varied, especially 
as some of them have been cooled more rapidly than others. 

Trap -rocks may be named, according to the predominating 
mineral, as augitic, felspathic, hornblendic, etc., or porphyritic 
when they are composed of the isolated crystals set in a crystalline 
magma. They are termed “ tuhs ” when soft and porous. Some 
soft earthy varieties are termed ‘‘ wacke.” 

The principal minerals in trap-rocks are dark in colour (horn- 
blende being a black or dark green and augite black or dark brown), 
and their decomposition products are usually dark in colour, and 
are very different from the white or almost white clays and sands 
obtained from the Cornwall and Devon granites. The colour is 
largely attributed to the presence of ferrous oxide, which partially 
replaces magnesia in hornblende and augite, and contaminates 
the products formed by their disintegration. 

The principal varieties of hypabyssal rocks correspond to the 
plutonic rocks and are largely porphyritic in character. 

Porphyry is a term given to a large number of rocks consisting 
chiefly of a crystalline mass, in which larger individual crystals 
are clearly visible, as granite containing porphyritic crystals of 
felspar, or a felspar containing similar crystals of another felspar. 
Porphyries are formed when a fused mass containing more of one 
mineral than is required to form a eutectic is cooled ; the substance 
in excess forms the larger crystals, the magma being the eutectic, 
or substance of minimum melting point. The term porphyry is 
not by any means confined to felspathic minerals, though most 
porphyries are felspathic. It was originally confined to a definite 
red felspar found in Upper Egypt, but is now used to indicate so 
many minerals that it is better to consider it as indicating a 
definite physical structure or texture than as representing a single 
mineral. 

The principal hypabyssal porphyries are : 

Quartz- f or jphyry, felsite, or elvaus corresponding to the granite 
series and consisting of quartz crystals embedded in a micro- 
crystalline mass of orthoclase -felspar. It is sometimes termed 
micro-granite on account of its resemblance to granite. Quartz- 
porphyiies exist chiefly as intrusions or dykes in the overlying beds, 
but the term is also used in Cornwall for fine-grained granites. 

Syenite-por'phyry consists of fine-grained felspar, forming the 
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groiimlHiiasH and containing i.s(»Iat(‘d (*ryslals of fiiotitt* and tinrii 

bt^ndc. 

Dioritv-porplupii consists of a fine ground nia>s i-fuitainiiig 
crystals of plagiociiisc“f(*Is|>ar, biotitc, anti hornblende, {fuaiiz also 
being pnsstuit in sonH‘ eases, <dther as nn ancessory or as a eeinent . 

Dolerlte is a eoars(‘ly <’rvstallin<‘ variety of basal! uhieli is early 
dceonipos(‘d b^’ saliiu* sohdions and by the atdieni of tln^ weather. 

Felstone or Claystone is coniptised essentially of ainorpiious 
f(^Lspai\ hut b(‘eoui(*s felst<»n<*“porphyry whcui erystalline uiassi'.s 
of felspar an* found in it. 

VoL(‘;\NH! 

Voleanie ro(*ks sfunt* extfuit cn'erlap the previ«iiLs seetion. 
but may be* takcui gt'iKTuIIy to include* rcc<‘nt \oleanic aceninnlations 
as lavas wlnc*li, when f*oole(b form various trachytes, basalts, and 
tuffs of all kinds from glassy obsidian to n soft, earthy inateriab 
and in pieces of all Hi'/(‘S from large* masses to tiie tinest tlnst. Huh 
dust, wh(*n moist, often forms a kind ejf hydraulic ccuiHUd, which 
hinds scoriae, sinall Btt»n<*s, and sand intee conghuncriites, hrcec'ins. 
etc. Alone, it forms poz/,uolana and trass. 

The following an* the principal vari(*ti«*H (»f vc»h*anic rocks : 

Rhyolite is a <'ry|)to'cryHiaIliiie to glassy ro<‘k of similar <’liciidenl 
composition to granite; it HoinctlincH contains quart*/. cTyslalH and 
clear felspar. 

Trachytes are* eejuivak'ni to the syeuntcH, the gronnd imtHH lH*tng 
felspathk^ and cemlaining isokteal eawstalH <jf felspar, ln»rnbl<*nde, 
biotite, or augiic. 

Phonolite or Clinkstone arc f*aHily <h‘ce>mposa!k‘ ns-k.H having 
a ground mass of sanidine* and ite*ph«*llni* in whie'li ticcur crystals 
of orthejclase fe'lspnr, nf‘phe*line*, and pyr<#xe*m*. I^-ueite may also 
be pr(‘H<*nt. 

Andesite is a |>orphyriti<^ rock having a felspatldc gremnd-niaNH 
and including crystals t»f iabraelorite or amh*sine*, tog<'th«‘r with 
biotite, hortibhuKbs and augit^u 

Dacite C'oniainH quart/* in a<idiiion to other const it Uf*nt H. 

Basalt is a dark brown rock consisting c*hi(*fiy of plagioelnsc- 
felspar and augitc, together with inagntdiiii and olivitu*. 

Vaiiolite and Tachylite arc* liasaltk* glasHt*H. 

Th(3 Fitchstones arc* <!los(*ly rt*Iated to fc^istcauu but luiwe a 
vitrcMniH lustre^ resembling pi tcfi whcui broken. 

From tlm above it will Hc*en. that the originiil igneous rocks 
from which cjth(*.rs arc^ derivc^d consist of aggrcgiitionH id (‘ryslaJH 
more or less ecuncnkxi tog<*ther to ff>rin c'oinpfiet ro(*kH, llie 
rocks arc disintc^gratol tmder the irtflu<uu*e of diflenuit iiiitiinil 
agencic^s, forming detrital sedimentH of variems kinds. 

Thci (diaracter of the HC*diments pnalueed will flc*|H‘nd on : 
(a) the nature of the original roc^k, (h) its cdiemical com position, 

the ease with which it can be diBintegrakxl, and (d) tlic agi*iM*ieH 
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In which it is suhj«*c‘tc<i. Thus, th(‘ sajid (hu’ivcd fruiu « rnck 
(^nutuiiiin^^ a lar^* prufHU’tinii uf felspar will tend to he fclspiiiliie, 
whilst that from a rock f’nnsistiii^ nf ahriusi pitrc quart/, will hi* 
a vcr\ pure silica, sand. I'he iijurct detaihal cousidcratinn nl the 
nature and eheiuieal enuipusit-inu uf t-he. ruiuenils eutiipusiug t-he 
nritfinaJ rucks will la* fuunil in C ’hapter I^^ 


FOIOVIATIOX OF PHIMARV SAXOS FfiOM 
HOXFors lUH’KS 

Tlic a^euiues respuusihle fur ehaup’s in rucks may hi* divided 
int u ! \ui c*la.'H,^.e.H : 

(u| ////puf/# 7 uV ar/h^//s, which are the result uf heat ur ehemieal 
activity, a,ud are clusely eunneeted with earthquakes and vulcanues. 
Where they ueeur. iniueralH tend tu heeunie eunsulidided ur everj 
{‘rystaliinc and iu funn new mineralH. ‘‘rhese changes are HumetimcH 
knuwn as tut W'hen air i»r other ^niseH, jind super 
heated hhunu ur other forms of water vapour’, taki* part, iu (hew* 
changes the\ are known a«* pu* fntvthifflrntjrtiH' ; ur if air’ arid other 
U/dM’s without vuitcr' tnrni the eidef eltetnieal ay:ent, tlie ai'tion ii4 
said tu he uf a ptn fttntitnltjiir iiatui’e. d'he chernieid and other 
eliaiiv^cH invo!\cfi are ho luiiiieroms and ho I’oiiiplex that nu sinicle 
hu’in fur* the uhoje uf thdu can ia* eornpletely sat i daetor'y . tlnuivdi 
Sir t’liarlc-* Lyeir^ term !i\ po^cuie “ (niejuiin'^j; “ forrrjed under* 
the fUirfacr "i i;4 eon veniiiit , as distiiii^uishiniir all those {‘lunrg^''^* 
wliieli are nf ail infernal and not of a ^^uperlreial nature, 

fh'i hpi[p'Ui*' or sar/uce are pi’odueed hy the curi'idation 

nf air and waler, and to some extent hy t-hf’ alternnlion of heat 
and enld. Fpiiaatie aetifuis may lamvenient }y la* siunmartMed 
uiider thf' term ” wi*athe.rinty'' 

Ilypoi^'eiiie iietiniiH are hif’i^ely uf' a eonsfruetive nature forndne 
new eniiipuiiiidfc ^^o that they only play a limit "li part rn tin* 
product inn *»f sautd-H, whilsf epinenie aetinrrs, heitw^ in the main 
de'^triif'iive. cffeei more diris’tly the furmaliun uf aands. 'rhus. 
hypo||eiii<* iietiuiis appear tu play the ehief part irt the firuduetiuii 
of snme ehiy s, hilt eiuvu’iiie art ions are Usually, tlioui/h not aUvaya. 

flic chief prudiiceriH of frauds. 

foiiiiatioii of primary* eands may he stated hrietly’ as eon 
idstiiiU ciiiefly III the destructinfi nf priimiiw rueki liy e|iirquiie 
lietinli, aific'd to snUie icxteni hy hy"pO| 4 efnc aetinn. 'The |nnse 
of inifientl-H, pr'odifcecl hy the destruetinn of the hond 
ill till’ ciiifipact roek'H, is further acted upon hy various nnfurid 
iiV^iU'iei«sM to foriii hedn or deposits. Wlien these heds or depnsif^;;-^ 
are iHiilijeete*! t*i fiiillim* weaiheriiir?, M*eundary -saiids are produi'i-d 
froiii flic prifiiur)' In sueh eanf^s, one class of ntiuends is 

I4**fi«*niliy eoneeiif rated in one laal uf Haml, whil-if^ another elassi, 
nf iiiiiieralM will form the hulk of armther hed, wducli iua.y he nf 
Muine dwlaiiee from the priiiiiiry smid deposits. 
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Hypogenic actions are chiefly of value in the formation of sands 
when they cause such changes in the chemical composition of the 
various minerals composing the rock as to render them more easily 
disintegrated by epigenic action, or when they cause splitting, 
cracking, or other physical disturbances in the primary rocks and 
so tend to render the latter less resistant to epigenic action. Such 
changes have occurred chiefly during the cooling of the igneous 
rocks after their discharge from the interior of the earth. Within 
the interior of the earth itself the materials cool so slowly that 
large crystals of felspar and other minerals can form, and probably 
float about in, a pasty liquid made up of fused minerals. When, 
however, a mass of this j)asty liquid is discharged by extrusion 
or volcanic action, the liquid portion cools relatively quickly, 
with the result that crystalline matrices are formed, or — as in 
many cases — a natural glass is produced. The coarser portion is 
known as the “ plutonic ’’ or slowly cooled phase, and the much 
finer crystalline or glassy magma is the “ volcanic ” or rapidly 
cooled phase of the same material. In this way, the physical 
conditions of the minerals at the time of their discharge determines, 
to a large extent, whether they form granitic, hypabyssal, or 
volcanic roclcs. The first named appear, to a large extent, to 
have been intruded into the overlying rocks in a pasty or almost 
solid condition. The hypabyssal rocks, on the contrary, appear 
to have been poured out in a semi-liquid form as lava, and to have 
cooled more quickly, whilst the lava 'from more recent volcanic 
action is still, in some cases, undergoing the rearrangement of 
its constituents, which is included in the term hypogenic action. 

The ever-changing internal pressure of various parts of the 
earth’s crust brings about important modifications in the nature 
and characteristics of the rocks affected by it. Sudden upheavals 
or depressions of the ground may occur, and may result in serious 
changes in the physical character of the neighbouring rocks. 
Volcanic action may cover a rocky mass with lava, and the heat 
from this may cause a further change in the character of the rock 
itself, and the effect of enormous pressure (caused by large masses 
of other rocks being piled up on a particular bed of material) is 
usually to consolidate a material so much as to change it from a 
bulky, amorphous substance into a mass of compact crystals. 
In this way, many rocks have changed their character completely. 
The chemical action of various vapours and of substances in 
solution is also responsible for many changes in the composition 
of rocks. Thus, the action of subterranean vapours of fluorine 
and boron emanating from the fissures and joints in igneous rocks 
during the dying phases of pneumatolytic action may cause changes 
(such as kaolinisation, and the decomposition of various calcium 
and alkali-silicates, such as felspar, mica, etc.) in such rocks, 
which will render them more easily disintegrated when subjected 
at a later date to epigenic actions. More recent investigations 
by XJssher and others appear, however, to support Vogt’s hypothesis 
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lat carbonic acid was the principal, though probably not the only, 
IS involved in such changes. 

The action of water containing other dissolved substances, 
hen circulating through igneous rocks at great depths, may also 
ay a considerable part in the decomposition of these rocks, 
pecially as the experiments of Bogojwlenski and Tamman have 
-dicated that under a sufficiently high pressure all acids and bases 
’6 equally active. Moreover, J. M. Coon has pointed out that 
tree well-known series of joints or fissures in the granite formation 
. the Hensbarrow district, in Cornwall, are so situated that the 
-tertelluric water will be in constant alternation according as the 
:asons are wet or dry ; and in flowing from one boss of granite 
> another, much of the water will descend to great depths, and 
ill become heated and charged with such substances as are soluble 
ader these conditions. Such water rising upwards and again 
.filtrating through the granite mass will tend to decompose it, 
ielding sands and china clay as two of the most important 
roducts. 

Epigenic actions comprise all those changes in the composition 
id distribution of minerals which are brought about by the action 
: air, water, and ice in conjunction with climatic conditions, 
id which are known as “ weathering.'’ Epigenic actions are of 
iree main kinds : 

(a) Atmosi^herio agencies, including wind, frost, glacial action, 
lemical decomposition such as oxidation, carbonisation, dehydra- 
on, changes in the colloidal state due to heat or drying, etc. 

{h) Aqueous action, including that of rain, sea, tides, currents, 
■reams, rivers, etc. 

(c) Organic action, including that of animals, vegetation, etc. 

In these, mechanical and chemical influences unite and operate 
L a highly complex manner. 

Atmospheric Agencies 

Air plays a very important part in the disintegration of rocks. 
3S action is partly mechanical and partly chemical. When dry 
has little chemical influence, unless the rocky material is rather 
loist, when oxidation often occurs, as in the conversion of greenish 
c black ferrous compounds into red ferric ones. 

Carbon dioxide is contained in air in very small proportion, 
ut the total quantity present is very great. This gas dissolves 
^adily in water and forms carbonic acid, which combines with 
•ee bases or very weak salts in the rocks and forms carbonates 
tid bicarbonates. As a solvent of various minerals, its action 
best considered in another section. 

Rapidly moving air (wind) disintegrates rock, partly by remov- 
Lg the smaller particles and so exposing the remainder to other 
^encies. Its action is also abrasive, as it blows any loose materials 
gainst the rock surface and abrades it. In the form of a gale or 
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hurricaiHS air moving at a high .spord will oftrn carry largi* pieces 
of ro(‘k for a (‘onsidca'uhh* cILstaiita*, and may <aiuH(* tlie diNintcgral i*»fi 
of otlicrs !)y tlu^ luutimcring action of the pic*t‘(‘H it carries. Strong 
witids <*arrying with Ihcmt inexhaustible supplies <if sharp edged 
grains form ii natural sand blast \vhos(‘ aetion is the same as 
the artificial sand “ hlast used in mnipy industries (see \ ul. ll. 
(‘hajder XI 11.) 

Many nadis of peculiar slmpt* liave been produr<*<l by tin* 
abrasive* action of wiud“bc»rne partiel(*s upon thedr .surface. 1\ pica! 
exaiuph‘s of Ihi.s aetion are to la* seen in many parts of this eoimtry. 
as at th(i Brimham rocks, Ilarn^gat<% the* Bride* Stemi's, near 
Todnumlenu ami the* Briele* Sterne*, ne*ar Piek<*ring. The* Sphinx 
owe^H much of its pre*H(*nt f>utline* ami polish to tlie* action of a 
natural sanebblast. 1'ht* abrasi\‘e ac*tiem e»f sami and einst earrie**! 
by the^ wind against oth(*r roe-ks is erne* of the* most impeuiant 
w(*athe*ring ae-tiems in hot, arhl lands, such as <le*se‘rts. 

Temperature^ (‘hang(*s in the atmos[)her(e havt^ a ve*ry impeaiant 
action in disint4‘gruting roc'ks. The heat ed tim sun, transmitt <*el 
throtigh the atmoHph(*re to the* rceeks, eauHc*H those m*ar the* surface 
to exjiand, particularly in tropic*al <*(niairie*s, ami the* c'emtriii'tion 
which takes place* at night (wdum the* t4*mperatur(* may fall oM*r 
f)!)' (!.) is freepnmtly a powc*rfuI factor in tlu^ breaking up of su<*h 
reKiks. The* daily vanations only affe*et the* gnuniel to a small 
de^pth, but th(^ Heasonal c*hanges have* a much greater inlluema*. 
If wat<*r e*nie*rH into er<‘viei*H be*tw«*e*n pie*ee‘H of reeek ami free*w*s. 
it will expand and so will t<*ml to l^reak the rocks by its presstire* ; 
whilst if a roc*k is at all porous and is saturated with wate*r prior 
to free^'/ing, the* disintegration will l>e* itiore* eomph*le*. 1'his action 
is mem* mitieeabki on highi*r grotiml, whe*n* seal doe*s not gathi'r, 
and in immidain range's the* erae^kirtg of tlie rcH'ks in winte r may 
fr(H|ue*ntly be iiemni. VVhem larger miwses of rot'k be*eome* d«*laebe*d, 
an avalamdie or landslip is the n*HuIi, ami this me‘('hani<'fdly cause's 
afurth(*r breaking U{) of the rocks by the force it ex<*ri.s in it.s pussage 
to a low<‘r levi*l, 

Th(^ aetion of frost is particularly inipealant in the* Arctic 
regionSy and at higli altitudes, and in thowi place's fornis one? of tie* 
most weathering agencies. Tlie sharp and angidar pejiki^ 

charaeteristic of high altitude^s are dues to tlm Hluitt4*riiig act it at 
of frost. It should l.a^ notfal that frost weaiis by diHinte'gratiofi 
and not l>y the decomposition of th<^ rock. 

The atrnos{>here also hirs an oxidising aedion upcai many niim*riiiH 
and aids in tho disink^gration of narks. Bulphidt's (sucdi as pyrites, 
marcasite, and pyrrhotite) lK*.conie oxidised, iiitratc^s ami efirb(miit-.<*.H 
may be formed, and theme and otherr compounds aret fre'fjuenily 
liydrateKl , producing liae^matite^, magnetites, ami hydriit<*f I i roii 
compounds such as linionik^, gcK^thite, and turgite. Thi^ sulphur 
in soma minerals, whan oxidised, forms Huiphiiric and other acids 
which also exert a chemical action and form compounds Huc‘h as 
the alums and gypsum. Various metals are also afhteti'd by 
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ufMt anti prodiH’i* axiclrs and otli^T ('oni|H»nn(i.s oi littli* 
irnpttilanrr fnan thi* piHiit of virw of tin* studtad <»! 

Snow Jiad Ice aro th<* most jaitcni \voathor’in*4 torcr.s in vory 
fold laials and at tin- hiiiha.-»t altitudiss. d’hnv have a, inrrliaiiiral 
a<*tion in disiiitof^rat rock^ whirli in Hiniilar to that rxortnd In 
r’iviT.s (|n 12). I'ln* ,snow c»n nnauiiains f(H*fn.H Iar?,n' innasoa or 
“ liokis/* and, as tin* iuwoi’ portion melts, the.si* nia «ses ;dide down 
wards often with ^O’eat sjK'ed ami the renultini; aAalanehes do 
smious tianmi^i* to the roeks over whieh they pass. All the h>os«‘ 
boiddens in the path of an avalainda* aire earrie<l <hn\nuardsn and 
if the mass is arresttul hy a [aa^jeetan^ rock, its \vei|.dit is olten so 
ereat tliitt, in niaiiv eases, the stop is tady banporary ; t*he nndv 
e\eiittiaily ^ives wuA' ant! falls with tlie snow into an adjaeent 
valley. 

Siili more pc»vv<n‘fal in its total re.sult.s i.s the snow whieh 
iiec'uniuljites iti the itpper vidleys. As itsd<*pfh im-reases, the lov\er 
layers are eompn*ssed into ice and the whole mass IxM-oiiieM a flowitie 
river of ics* and snow. >Sueh a "|.daeier‘' ladiaAes veiw similarly 
to a i’iv«*r in its aetion on the land over whieh it passes, thoii^^li 
it H effect is tijore intense aiitl it p<a\er of <'arryin^f boulders is nineh 
Lfreater, As ere\iee., or eraek^ form in the ire, hnin* masses ot 
ror*k rest imj on tho “iiufa.ee fall into tla'in and .slowly sink to the 
hoftom. 1*her»* the\ are eruslu'd and |j;r(»nnd and earried forward 
until the iee nieli- and nuot of its solid hnrdon i > left flepoHitial, 
only the line, 4/ paiiieh».H heiiii,^ c-arriiai forward hy the waf('r pro 
diie«-d. ddie fandi's of a ^laeier are not roti^di and i!’re,i 4 d.ar a.s 
fhosi* of a ri\-er, hiii are smoother and more rounded, tlie harder 
htonet ha^inif rairifais seratehinvrH on them, which are peculiar t.o 
yiai’ier aciion. 

dlie chief prodmiH td glacial actmm are hny^^e <|epoat . of 
i*il hetero|,^eia'«iu.H n»jir phid ie material eomsistjn^ of an in*e|,ndar 
iiii,K!iire of .sand, */ravid,, and larji'e Hp»neH, and (h) a tou|/h. phrdm 
ek-yv fkiiown JV". fionlder which eontaitis a ronsider-ahle prf» 

ptaiioii of sand and i^ravad and a smallor proport i<»n of pidddes, 

Adrian .s At tion 

The as'lion of water in the form <if rain, riv«a-:xi, or the s’.ea upon 
roi'ks ih of lliree kind.^ p// ahntsiv#*, |/p solvent, ami (e| a, eliairio- 
iit tlie colloidal Hfal-e id the initterial fp, |H). 15) iii<s’|ianic,’i| 

Hefif,ui \\n.tr-r lo.o;saev ery>tal:i from a softer matrix. wadieM j.modh-r 
or .liidifer par! ieh away from, tlie hea.vier niaHHC’-s, and hy throw mi' 
one |.iicee id' I'oek a^u'iiiist another it rounds them info alnio'i 
Mlohiilar pelihli'H, If waler ran enter heneatit a. piece of rick it 
liiiyv, ill tiiiiia looneii if and eaii:a* a land.slip. 

Springs lia\'e a.n importanl i^pi^pmie action ifi niitn)' iilacr-^. , 
p.iiriiiidarl\' near thi' coast, wlau'e it in imna! to think of the cruacn 
as the work of lli#* In realif) , .^prin^.s imyv do a larec ■duHc 

id tin* work by the soil and faoilitatin^ the later act ion 
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ACTION OF RIVERS AND STREAMS 


of the sea-water. This is particularly noticeable on the coast 
at Filey (Yorkshire), in one part of which at every few hundred 
yards springs of water may be seen issuing out of the sandy cliff, 
causing fissures in the soil and preparing it to be washed away 
at the next high tide. 

The solvent action of hot water on silicates is relatively great, 
and hot springs frequently contain a large proportion of silica in 
solution, but the few warm springs in England are not of importance 
in the formation of sands. 

Rivers and Streams act chiefly as abrasive and transporting 
agents in the disintegration of rocks. The material enters the 
water in various ways ; it may fall in as the result of a miniature 
landslip, or after it has been blown away from its site by a gale ; 
it may be washed in by the accumulation of many raindrops, each 
carrying its own grains of material ; or it may enter as the result 
of the stream undermining its bank, parts of which then fall into 
the water. 

On entering a stream, most fragments of rock are angular and 
irregular in shape, but during their passage they rub against one 
another and against the floor and banks of the stream, and so 
become rounded (unless of unusual hardness) and are gradually 
worn down. The particles thus removed form clay, sand, and 
gravel, and are carried forward more rapidly than the stones, 
which are either deposited at any point where the speed of the water 
is sufficiently reduced, or are carried onward until they reach the 
sea. The distances through which the finest particles may be 
transported are exceedingly great. 

The amount of material transported by rivers is enormous, 
the Danube delivering some seventy million tons annually into 
the Black Sea. The amount of material carried depends on the 
volume and velocity of the water, and on the size, shape, and 
density of the solid particles. D. Stephenson has ascertained 
that the bottom of a stream of water moving at the rates shown 
in Table II. will move the materials mentioned in the third column. 

Table II. — Size of Grains carried by Streams 


Velocity of Stream. 

Material moved. 

Inches per Second. 

Miles per Hour. 

3 

0-17 

Fine clay. 

6 

0-34 

Fine sand. 

8 

0*45 

Sand as coarse as linseed. 

12 

0-68 

Fine gravel. 

24 

1-36 

Pebbles 1 inch in diameter. 

36 

2-05 

Stones the size of hen’s eggs. 


Under experimental conditions in the laboratory, water flowing 
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with a much lower velocity will carry away particles of clay and 
sand in suspension. Thus, in the mechanical analysis of soils it 
is customary to use a velocity of only 0*0072 in. per second for 
separating the clay, 0*28 in. per second for separating grains 
between 0*0004 and 0*001 in. diameter, and 0*61 in. per second 
for grains between 0*001 in. and 0*0016 in. diameter. Stones and 
other insoluble solid substances appear to lose about half their 
weight when immersed in water, and, consequently, large masses 
may be carried along by a stream which would not move them 
if they were not completely immersed. For this reason, also, the 
power of a stream is greatly increased during a time of flood, when 
both the volume and velocity of the water are much greater. 
Neither the surface velocity nor even the mean velocity of a river 
can be taken as a measure of its power of transport, but only the 
bottom velocity, that is, the rate at which the stream overcomes 
the friction of its channel. Rounded stones are most easily trans- 
ported ; flat angular ones are moved only w'ith difficulty, as they 
present less surface to the current. 

Owing to this continual grinding of the bottoms of streams 
and the undermining of the banks by the abrasive action of the 
stones and the solvent action of the water, the land through which 
a current of water travels is gradually cut away and forms gorges, 
chines, and valleys. A sudden drop in the ground forming the 
bottom of the river may form a cataract or waterfall, at the bottom 
of which the erosive force of the water will be still greater ; the 
battering of the stones in the water gradually breaks down the 
weir and causes it to wear away slowly. Rivers thus tend to cut 
Assures and valleys in the land over which they pass, and also cause 
a levelling of the land over which they flow. In more level stretches 
of country — particularly if its course is winding — a river often 
alters its direction somewhat rapidly ; this is due to frequent 
bends reducing the speed of the water and so permitting some 
of the sand, stones, etc., to be deposited. At every change in 
direction of flow the water with its burden of minerals impinges 
on the bank and gradually cuts its way on the outer edge in the 
bend of the stream ; and as the speed of the stream is reduced 
at the inner edge of the bend, some deposition of material takes 
place. If the river cuts through the outer edge of the bend more 
rapidly than the matter which is displaced is deposited on the inner 
one, a short-cut channel is formed and a large portion of the original 
course, sometimes amounting to several thousand acres, is left dry. 

Whilst all British rivers flow directly or indirectly into the sea, 
which thereby becomes the great receptacle for the mineral matters 
carried by them, there is an enormous proportion of sand and gravel 
which never reaches the sea, but is stopped at various points along 
the banks of the rivers, as just explained, and when the course 
of the water has changed, these deposited materials form beds 
which are of great value on account of the sand which they contain. 

Sea-water produces a similar effect to rivers and streams ; 
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ACTIOK OF FAIX 


fmt ns its n‘lativc* inovoinant is very snmli at tn’rat d<‘pths. a 
gnniicr arnoimt of (h'posiiion of raincral mnttor t>akf*s plaro, Hio 
for<‘c of tii(‘ sf*.a as a ^rincUri^i ajj^out is far ^rratiT than thal of 
and Htnnuns. hl(»cks <if rock arc rhurncd and to’taind 

iii a, foonstrams mill and arc reduced to pelddes and tinally to >aii«i 
and clay, ddie tide eaus(*s an alnutsi incessant battoriiej and 
washing away of material from Uiesfiorc, ajid this is earrit f! fiavartl 
th(‘ more slowly inovinjLC parts of tfie ocean and there depf i 4t.ed. 
44i«‘ action of ific* tid<‘s is most eflVc'tivc* in the creviec^ hctwccn 
th(‘ rn(4<s into tlie vvatca* enters with ahnosi (explosive \ iolencc, 

at. a pr<‘ssun‘ of two tons or nion* p«*r square fot)t. Favc- are 
holknvcnl tuit. hy ilu* direct nusdianical action of the water and of 
the houhh'rs wliic'h it Inirls auainst the short* durirnr storne. and 
th(‘ (‘normouH (piantities of (M‘hhlc.s and sanfl arouml tin* ctiasl 
f(H’m elocjinmt. testimony to tin* for<*e and power of nuu'inc action. 
Tli(* residt of the action of the sea thnaitdi camntless afjres fia^ keen 
tin* destruet ion (>f whole continents and tlie I'cdistrihfition of tin- 
rock masses into n(*w f<u*ms of material, whii’h can sc’sirecly In* 
reeo|i:nise<L so crreutly tuna* tluw i^een t‘hati||ed. 

Tidal ami othc*r ocean enrremts are also important auentn in 
l)reakin^ up and tranH[>(ui-in^ rocks and in H(»rtin^^ tinmi into 
[Hirtieles (d varyin|.( siztxs and densities. In addition to the ‘nanil 
|)rodue«*d by the action of wat(‘r on ro(*ks, s(mie sarai is produccil 
l)y the as'tion of the sea and otlier water causing shell ^ tf» rub 
eonstantly against ea(‘!i othta* when moved hy the water : smt* 
Hindis an* gradually ground t(» p<nvder, forminjy^ what are knouii 
as ‘‘ sladi sands " (p. *ia). 

Rain is tdie fadneifail vvaadheriujLT a<r(*nt hi humid and tf*mperate 
elimat(*H, Its ac*ti<m is due Pj tlie fact that on fallinix on to a rock 
it r(*movt»s some* of the ini^redients by solution, and (dtmi leaves 
a enist of a soft and friahh* nature on tlte rcH*k. This enist may 
he wiisfieci away by later rains and eairied !»y tin* resulting streamlets 
for Hueli II distance nn(i (U'posited in such a manner that the viirioiis 
mimu'ids removed tiiay iHaioim* (piite sc*piira,ted frcuii eindi ot]if*r 
and may b<» ihqiosited eacdi in a relativcdy pure* state : the linger 
■jiiet'CH will be. near ih(‘ir souree, the sand will be gra.«ied info ^.e vent I 
dc*gre<‘s of tine-ness, and the (day and tiru* silt will be ea.rried away 
from the rc*Ht of the rnatcTial. This disintt^grating a,eiioii iHUidl}' 
cotmneiK*.eH along any eraeks or joints in tin* rcH*k, these beinu' 
particndarly favourable to its dc^sirinddorL In houic* eaHef4 the 
action is so marked as to rnak(^ it apfiear an if the* rcH*k liad been 
worn down by a river or streavm. 

Somc^ rocks, such as dolcudto and basalt, on wc‘atli(*ring form 
spkifoidH, aacdi having a muxiessiori of wcuithered rings. An 
nnstratified roe.k having no fissures or (u-aeks is mtu*}i less laisil)’ 
weathercxl than a stratified roedi, as thci lines of stratitieation are 
lines of wauikness and enable the weath(»r to act quiti* rapidly ; 
the joints are first (sorrochxl and cause the roe,k to break int.o large 
blocks and then to disintegrate still further, forming looscq inc*ohereiii 
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Hh* ndr of uoat haring depends rliiofly on tla* riafur’c oi 
thr rock and on the (•hara«‘t4*r of tin* uiait Innan^^ aunfM’icH. In 
sniiic raovs a pcrfrrtly fnvsli snrfac(* is (*xpo.s(si. as iri thn casn of 
liiiH ;*! nnf>. uliiiNt in others a think nrusi c>f partially d<‘(’nnipns(Ml 
iiiatlfn- may ro\«n’ the rork, as in the <'aHe {>f <lol<'rites and f»asa.ltH ; 
tfh> eriist partly proteet> tfie nndeeoinpos<Ml n»ek and impedes 
it- finilier disiiiteerat ion. I'la* ro<*ks uhi<‘h are nnist ri’sistant. to 
ueatlieriini are tinof whieh eonsist of pa,rt.ieh*.s ot an inert eharaeter 
f'eiiieiiled into a ina'^< whieh is diflieult t o disinteinaite rneelmnieally . 
Siliermi-. >an(Oton(‘s are anaae^st the most p(‘rnianent rocks, as 
they eond-t alinod \vholi\ (*f ipiai’t/, wit h a* siliceous eeinerd . bot h 
of wlheh an* exceptionally resistant t*o weather'in^. V\'her<*, 
howe\er. tin* rock is faainii by a less re.sistard cement., such as om* 
of a ferriiLrinous. ealearefuis, or artdllac’eotis eharaet.erx <li.4int(*yp’ai ion 
mneh nio!-e rapid : the einnent is more quickly removial, ami in 
its afjsenee the remainder of the rock falls to [>ieees, fortnin^ a. 
loosr'. ineolan’tmt sand . 

'Fhe <’hief action <}f rain water is that of a sidvent, whereby 
it di volven >ome of the eme-t it nent.^ <if the rock ami refm»ve.s tlieni 
in . olntion. am! IIun permit . of tlie ea der removal of the ramiainder 
h\ wiufl or h\ the rneehanieal action of wat<*r, This aetion is 
eadl\ .een if the urfaei- (d a j^ranite roek whi(’h has been expnscal 
Imp a iofci time !h« examined : the quart/, (’rystals will eland ouf 
rfrerh. win! I the feUpars have l>een c'orroded. 'rids is due In 
the acid charaefer of rain ouin^Xto its eontainin^^ eaflamic* 

.mifi in Jiiufion. When it i aetiem is lony^ eontinned. as in roeks 
will* h are eimdaiitly expo^st to tla* weather, the fel>q»ar is broken 
dowie oune of the aikalies heine die^olved out as earhonates ami 
earritsl auav in odution. leavine a <*erfain amount, of siliea fn*e ; 
the -ti'emph of the Took is lireaf.iy refineed in thii way and the 
m'ains are looa'iied, tla* iietiou hein|^ further hastened by flu* faet. 
llfii,! wiifer eon! aJfiinuf sodium or potassiuni ea.rhonat.e can disnoKi^ 
nhea ami thus eaii removi* some of the siliea presmit' in the felspar. 
In time the rf«’k iHs-fmiio entirely rotted and many of the felspar 
cn :4a!K are liMi:^i'ned and wmdnai away from tlie <jiiart/. In dm* 
eours’ fill’ qiia-rt/. er\r4ak- will aKo fall away as tlieir eemmdin^^ 
iifi'diiiin or matrix is di-^-^ohed. 

Ill fill-*. maiim*r wahi' lirst aet;-^ as a .Molvi'nl in " c*orrodine 
the roek ami afterwards mf’eha.iiieally removes the decomposed 
jiiiiterial, whieh would form a faoteeiive c'o\mmH.^ fnr tlie ei'nmsd 
iiiftHH of rof'k. The rain, liowever, keeps the surfai'c of the roek 
s'oiiiparatividy clean by wasltin^ away much of the ’* corroded 
iiijitf'riid mid llierfd»y faeilitateH f*<mtinued n,efioii. 

Wdiere :;HUeli “ eonaaleil roek material is defaisited efose to 
iIh sfiiircf, been transported only a Hhort distamee, if. In 

HoiuelirrieH known an arkt*Ht , It raiiiHtsts p'ra.eti{‘a,lly of fJie sana* 
iiiiiieriil:4 iiH tiff* orinimd material, thoii|,di some of the liner grains 
(iiH of eliiiiii clay I and some of the sohdde Huhst.inieeH nia\' ha\'e 
been removed. 




If any (>xi(liKnhk‘ materials an* |)n*s<*nt tlu'V will be ekxidiM ii 
by (contact with rain water, or, if tlu* latter reiitains inurh 
Hoaie oxides may be rediu’(*d. Tin* l{»os(*ned partiele.s are then 
washed out meehanieally by further supplies of water as previoti>Iy 
stated. 

Tlu*. gemwal n-suit of the a<*tion of water (of whate\er luiliiri'i 
is to wc‘ar down tlu^ Iiigher j)ortioiis of tlu* tairtlfs surfuee, to ijriiid 
down tlu^ large* maHS(*H, and to transj)ort tlu* grotmil material to 
a low(u* lc*v<*l. Sonu* of t his niaterial is carried in solid ion fa> salt 
in Hea-watc‘r), hut by far tlu*. gn‘ab*r part of it is borne* meelianieall> 
by tlu^ moving water. As soon as the velocity of tin* water i 
reduced some of the lu*avier juirtieh’s hc'gin t(t siidi, .>tone;M and 
gravel s(*itling otit fir.st, th(‘n tlu^ sands of varying coarseness or 
finc‘iutHH, and linally tlu^ silt and clay. 

The* })roee.SH of deeom})ositi(m of granite* roeks hy the sohent 
action of water <*s|)(‘eially of watc‘r eordaining acid in soliition 
in known by tlu^ gc'ueral naiiu^ kaalinimtUni, as one of the mo^f 
iin|>ortunt commercial ])roduets is kaolin or china <*lay. The fi'lspar 
in the granite, whc*n Hubje(*t(*d to tlu* Holv{*nt action of water, 
yiehls kaolin and free Hiii(*a, tlu^ potash and some of the other 
bases lieing remov(‘d in solution ; tlu^ parti(*h*s of quail/,, miea. 
etc., arcj th(a*(‘by loosened and can ht^ si'parated by exposing the 
rock to a stnuiiti of water. As clay consiKts of ntneh smaller 
parti(*les tlum sand, tlu^ clay is more readily (’arrieil away in 
HUsptuiHion in the water, whilst the larger partieb*s remain as * >and ’* 
and fragmemts of imp(*rfe(*tly d(‘eom posed rock. Whilst it ejmiuit 

supposed that sn(*h kaolinisation is tlu* sonne of all priifiar\ 
sands, it is of sid!i(*i(‘nt importance* to warrant fiirtlua* in\ <*stigatioii. 
It is e>ft(*n followed by a process of H<*paration, in whic-h, as alrejid\ 
indieatcul, tlie clay is wholly n‘mov(‘d atul re (l<‘poHitf*d at a distaner 
of He.veu’al mil(‘K from thc^ original io(*ation of the mulee'mn posed 
rock. It is very ditHeult to estimate tlu* pn‘eiHe import anee e»f 
kaolinisation as oiu*. of tlu^ original eaus(*H <if the forrnatitai of 
sands from ign(‘OUH rocks, as tlu^ Huhs(*(|U(‘nt [»roee*HseH of Xatiire 
wdiieli hav(^ oceurrcul have, in most easels, d(tFtroy<‘d all vestiges 
of the cu'iginal ro(Vk. 

The solvent action of wait(^r is of great importanee in the 
(lisintc^gration of many roeks. Tlutre is scareely a mineral whiefi 
is not slightly soluble in w'atcrr, and many KuhHtanec‘H an* dissfd\i el 
rtawlily, so that the <’(>ntact of water with roc'ks is e{‘rtaim in time, 
to rcmiove some of their constituents. If tfu* water (*ontaiim aii> 
acid (as carbonic acid derived from tht*. air) or other chemically 
active*, material, its action is greatly increascid. Thus, chalk find 
its related rocks are scarcely affected by pure watc*r, Init arc readily 
dissolved in water containing carbonic acid. Unch^r some* conditiofis. 
rain water containing carbonic acid can also d(>campoHf* c-crtidii 
silicates and render them soluble. 

Many siliceous minerals, such as felspars, hornhkuuh*, olivine, 
muscovite, etc., arc attacked by carbonated water and arc! graclmilly 



AITICIX MF VVATKlt (h\ H(H*KS 


«irroris|H'J:sr«|. libiTat fria* Miijca. <*tr. <4 tlir :4l}ra 

is <li>suh'i*«l and rarri<‘cl au av in Moliitinn and <ir|HiHi!i‘d a-** a «'<*nirrif 
in olfiar rnrks. lln* snlnldr rarkonatna [irudinaMl by- lln^ art inn 
of rarlH>fial«'d ival^r on na-k^ an* pronipitatod in laJcos or in fhr 
sfs'i and prinlin’r iiiaostonrs, doloruitoH. rtc*. 

'Flif pri'M'iiri* of iiiiiiiTidH rioli in iron ih a fnapionf ratiHo of tin* 
disintouration of rfirks. tin* iron Iminj? oxidlsod and partly fiis:aihi*d, 
thus rfndiTin.L^ tin* mmaindor of tin* rnas.H nion* madily di.sinlognitrd. 
Any rof'k rioh in linn* may havn its linn* ('(jnvorfrd into oarhonatr 
and rrniovod in soluti(»n. Snlphidns may In* oonvoriod into 
soluldo snlphatoH and somotijnos into fnn* Hulphnrir arid, 

Many sprinif and wr!i wati'ra an* ri«‘h in dia?4oKrd .Halts <4 viirioiiH 
kinds, Hurh as tin* nn’difinid wat«*rs of Hnrro^-'atf. Bath, rtr., tin* 
varicnis rlialykralr (iron rontaininm nutora, and tin* “ hard 
walrrs wltirh an* iioa\iIy rhuri^rd with ralrium ld?'arhonali* and 
Hiilphatf* fornird hy tfjo Jtrtiou of disHoi\«*d rarbon dioKido on 
linii’stoin* or rlialk and by fin* solvont ai’tion of watrr on ^ypHUin. 
Si*a uatrr ours its saltnoss to tin* niafrriala uhirli Imvi* In (*n 
disH(4vrd otil of various rofks arnl havo i)i'f*n d<*livf*n*<l to tin* 
sra f)y sfrojino and rivoro As tin* vaidona sons liavf* no ontlrt 
nxfop't by fbr maporatifai of tin* wat<T (in whirb rasr tin* tlis 
sfdvt'd salts arr not roanm-di, sra vvatrr nnist i*on(inin* to inorraar 
in ^alfin-s*^. 

l*’na{iirnt I >■ vvafrr dissoha's out, riuiain ronstilurnts oi a rm'k 
wilhotil alfrrini' tin* rrv>4alliitr fortn r4 tbo mineral, >rt rotnphdrl^ 
rhanidnii f‘Ofnposition. In snob miin*ralN (t(‘rnn’d //.'#ra4ru/n/r/d/.‘d 
rlay may lakr tbo form of took salt, Hili«*a that of wof^d. and iminy 
othor striidni4 rxjiinploN minlit in* moiitioinnl. 

Tin* *'ln*mioat artion (4 vvator on ininrral stdislannss fb\drolysis) 
lias born stndiod murlj duiiiii^ rm'mf V'rnrH. It in now roroi/niMotl 
fbat wjitof roiitaiiiH fna* hydroi'on iotm (Hj and frof* hydroxyl 
ioriH fdll'i innb*r faaiidn f'onditions, and (Imt its diasoriafion itito 
tlif’sr two kinds of ions in sniliriontly powerful to floj’onjposo rortain 
niiiirrals snrb m inira, frFpar, idr.. and thus to prcnliirr jilkalitn* 
sobil ioiis, 

I'lii’ iif'liorj of fill* wafor may bo ropro.H«*ntod in tin* ra?«o of a. 
^4l^lp^o silioiitr by 

Xa,Sill, « 2H •CHf HaSiO;, . 2Xn(Hl, 

II ttoiikly dis'airiiifod sdif'ir arif! brin^ formod, to|,ndhrr with latiisfir 
Hoda. latfor idvow f.hr alkalino roaotion. 

l1iroii|,fli tlio forination of iindiHsoriatod silirio im-i#! a lf»Hs of 
Iiydn»ufoiMoiis orotirH, and If# rostoro of|uilibr}iiiii this mtist bo mafh* 
gof«i by Itio fii'Nsfn’iiif *4 iin»n» vvHt**r, wltitdi is thi*M abh* iittaok 
fiioro siiiriilo, if |iri*sriit, 

dlio aikaiiiio siliraB-.H an* inonf .Htrffriidy atlorfi'd by vviitor, 
t!n*ii tlio f'lilriitiii silif'afoH, Init tlnor of ina^rnsHia ari* srarroly 
affootod at. all,. 

An in iiiffst of f'liofidf’al afd-ion, thf* iidbifUif'o of iimr j.s 
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ORGANIC ACTION ON ROCKS 


important. The solutions formed by the action of the water on 
the rocks are so dilute that the velocity of the reactions which 
occur is sometimes so slow as to be almost inappreciable, yet so 
long have they been acting in many cases; that incalculably large- 
masses of material have been completely changed. On the other 
hand, the action of rain on some materials — such as basalts and 
olivine — ^is very rapid. The rain water (rich in carbonic acid) 
soaks into the mass and converts the lime, magnesia, soda, potash, 
and ferrous silicates into acid carbonates. These carbonates are 
washed out of the rock, together with the silica set free during 
their formation. 

The change in the colloidal state of some minerals as a result 
of the action of water is sometimes of great importance. A mineral 
consisting of coarse particles may be ground so finely by the abrasive 
action of the water that the resulting particles become too small 
to sink and take on new properties, inasmuch as they form colloidal 
suspensions or sols. These particles are so minute as to be excluded 
from the definition of sand.’’ When such minute particles are 
brought into contact with others bearing an electric charge of 
opposite sign (such as humus), both are precipitated, and under 
favourable conditions a colloidal gel is formed. Colloidal gels 
appear to possess a honeycomb or space-lattice ” structure and 
are able to absorb many times their weight of water, forming a 
gelatinous mass. Silica and clay are particularly prone to enter 
into the colloidal gel state, and many of their properties are due 
to this fact (see Chapter V.). 

Organic Action 

The action of plants and animals in the formation and dis- 
sociation of rocks is important. Roots constantly penetrate into 
crevices, and if the ground is sufficiently soft they break it up, form- 
ing soil, and the decayed remains of plants and animals are con- 
stantly adding to the soil. The action of decayed jplants is somewhat 
complicated. The first products of the decomposition of plants 
are humic acids, which by bacterial and other actions are later 
decomposed into carbon dioxide and water, together with nitro- 
genous compounds such as ammonia, nitrites, nitrates, and nitric 
acid. These compounds exert a chemical action on the rocks 
with which they come in contact and so disintegrate them. 

Bacteria play an important part by oxidising dead vegetable 
matter through intermediate stages to carbonic and nitric acids, 
which later have a chemical action upon many rocks. Bacteria 
also act in other ways, such as decomposing iron sulphides and 
carbonates and forming iron oxide. 

An important action of bacteria and other low forms of life 
is the production of humus and other substances which flocculate 
any colloidal sols with which they come in contact, and so increase 
the amount of colloidal gel in the rocks and especially in the soil. 
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This is a subject of which very little is known, but numerous 
investigations are now being made upon it (see Chapter VI.). 

Weathering 

The term weathering is convenient as including all those changes 
which occur as a result of the action of heat and cold, rain, hail, 
snow, wind, exposure to air, and other atmospheric processes in 
rocks and other substances. The general tendency of weathering 
is to destroy the form of all materials and so rearrange their 
constituents as to form new substances. Thus, most granites 
will, on sufficient exposure to weather, break down into a mixture 
of mica, quartz, cla^q and other minerals, together with some 
undecomposed felspar. This destruction is brought about by the 
agencies already described and may require an enormous period 
of time ; it is largely a matter of fortuitous circumstances whether 
the products of the action of the weather remain together or are 
separated from each other, as when the clay and mica are washed 
out of the mass into separate hollows or pockets. 

The extent to which weathering occurs depends on the nature 
and situation of the rocks, soft porous materials in exposed 
positions being most affected. Granites vary greatly in this respect. 
Rose has pointed out that many rocks which are unaffected by the 
most powerful acids in laboratory experiments weather readily 
in nature under the apparently feeble influence of water, air, and 
carbonic acid. This is due to the influence of the much larger 
quantities taking part in the reaction, and is a typical example 
of mass action.” Very dilute solutions — being more completely 
dissociated into ions — are in fact relatively more active than strong 
solutions, but are much more difficult to investigate in the 
laboratory. 

The appearance of rocks is often useless as a guide to the probable 
extent of weathering, as some granites and basalts form superficial 
crusts several feet in thickness (due to removal of alkalies in the 
former and lime as carbonate from the latter) ; when these crusts 
are detached by the action of the wind and rain, they form deposits 
— often of great thickness — of a character entirely different from 
that of the original rock. In other cases the weather exerts a 
selective action, so that some fossils and nodules can be more 
readily picked out of a weathered rock than a freshly exposed one. 

Most rocks weather in a characteristic manner which facilitates 
their identification even at a distance. This disintegrated matter 
may form “ soil ” on the site, or it may be removed to another 
site by rain or other influence. 

The individual substances produced by the action of the weather 
are often the result of a highly complex series of reactions, both 
direct and reversible. A more detailed study of these involves 
so deep a knowledge of the laws of dilute solutions, mass action, 
etc., as to be beyond the scope of the present volume. 
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Prom the commercial point of view, the chief effect on rocks 
of the weather is the formation of clays and sands. The nature 
and composition of the products formed depend to a large extent 
on the minerals composing the rock. Quartz is scarcely affected 
by weathering, and most of it remains behind after the other 
minerals have been removed in solution or have been decomposed. 
Pelspars are frequently left behind, though they are to some extent 
attacked with the liberation of free alkali, which is removed in 
solution. Mica is very little affected as a rule, though the pyroxenes 
and amphiboles are more easily decomposed. Some crystalline 
minerals, such as garnet, staurolite, tourmaline, sillimanite, and 
kyanite, are not attacked but are removed by aqueous transporta- 
tion and are found scarcely corroded in some detrital sediments. 
The heavy minerals, such as magnetite, ilmenite, chromite, rutile, 
zircon, and metal-bearing minerals generally, are only slightly 
affected by weathering. 

It will thus be seen that the primary sands are produced by 
various actions, as a result of which the original igneous rocks 
are decomposed in various ways, the bond which forms them into 
a compact mass is destroyed, and any fine material, such as clay, 
which may have been produced is washed out by aqueous action, 
leaving behind a loose deposit of grains of the different minerals 
composing the original rock. When such a deposit is more or less 
protected from any weathering action, or where very little weather- 
ing occurs, such a bed may remain in its original condition 
indefinitely, but in most cases primary sands are transported to 
other locations, rearranged, separated, and so eventually form 
different deposits. 

The disintegration of rocks gives rise to particles of various 
sizes, from large boulders and pebbles to sand, dust, or mud. 
The larger ones, such as boulders and pebbles, do not concern 
the reader of the present volume until they have been still further 
disintegrated into smaller particles of various sizes, except where 
they are found close to or amongst the finest deposits, as in those 
formed by torrential rivers and the littoral deposits along certain 
sea coasts. Glacial deposits also contain a large proportion of 
boulders which may or may not be mixed with finer materials 

(p. 11). 

THE FORMATION OF SECONDARY DEPOSITS 

After the primary sands have been formed by the decomposition 
of igneous rocks, they tend to accumulate in the form of secondary 
deposits as the fine particles gradually settle to the bottom of the 
streams, rivers, glaciers, lakes, or seas in which they were carried 
in suspension. To some extent, also, particles of primary sand 
carried aw^ay by the wind form secondary deposits when the 
velocity of the air is reduced sufficiently to cause the air-borne 
particles to be deposited. It will thus be seen that the action of 
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rivers, lakes, seas, earth movement, wind, and a variety of other 
forces which tend to the removal of the primary sands to some 
distance from their place of origin, also plays an important part 
by depositing them in beds of varying thickness and purity and 
of a density varying from a loose surface deposit to a compacted 
sand}^ rock. These deposits may, in turn, be further changed, 
classified, and transported until all trace of their original form is 
lost, so that, although the destructive action of various natural 
agencies has been chiefly emphasised in the foregoing pages, the 
influence of such forces in collecting the particles of primary sands 
is equally important. The grains of sand which have been pro- 
duced by the decomposition of igneous rocks are gathered together 
by many of the same agencies which aided in the disintegration 
of the rocks from which the grains were produced, and the grains 
so separated are deposited according to the density of the particles 
and the special features of the district through which they are 
carried. 

THE FORMATION OF TERTIARY AND OTHER DEPOSITS 

The sands collected and formed into secondary deposits some- 
times undergo further metamorphoses and are converted into 
quartzites, and other sandstone rocks, limestone, flints, carbonates, 
etc., in which the grains of sand ” are united together by a 
natural cement — usually of amorphous silica — produced by the 
infiltration of liquids containing siliceous, calcareous, ferruginous, 
or other substances in solution. These rocks may, in turn, be 
decomposed by the natural agencies previously mentioned, with 
the result that sands are again formed, though they may be different 
in character from the primary or even the secondary sands. 

The processes of disintegration and building up of rocks may 
be repeated to any extent, and are continually in operation. They 
have resulted in the production of many sands of extremely complex 
nature, which offer many highly interesting problems to the 
mineralogist. Fortunately, most users of sands need not concern 
themselves with such matters, though it is important to know 
sufficient of the origin of sands to appreciate such problems when 
they arise. 

THE AGGREGATION OF SAND DEPOSITS 

The principal agencies which aid in the collection of sand so 
as to form deposits are : 

1. Wind. 

2. Water, including rivers, seas, tides, etc. 

3. Glacial action. 

All deposits of sands, other than primary, may conveniently 
be classified according to the chief agent in their deposition, viz. : 
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1. Aeolian, or (l(‘p<)sits f()rni(‘(l hy air (u iiitl). 

2. Flmmiile, or di^posits foriiiod by riv(‘rs. 

3 . .Estnarine. or Fluvio-murinc, or d(‘})osits foriiu'd at tb*' io*aitii 

of rivers. 

4. Lacustrine, or d(^[)osits forriHid hy lakes. 

5. Marme, or de])oHits fornu‘d hy s(‘as. 

(). Olacial, or deposits forin(‘d l)y glacic^rs. 


Aicolian Sands 

The action of %vind in gatluTing iogethti' the parti<’li":^ -inti 
is very important in ex])oK(‘d, dry sitnations, or. dt*r4ii;'*. Heini' 
sea coasts, etc.. 

In deserts the sandy materials ar(‘ princifialiy pnaiiierd 
dry weathering, i,e. hy the homhardnumt of rocks hy wind hsii ne 
particles, resulting in the production of small detached particle-^ 
which are, in turn, carried hy th(^ vvdnd and employed for tlic 
further disintegration of rocks. 

True desert sands often originate hy the* simple hreakiin^ up 
of crystalline rocks into their constittient grains, witlutu! anv 
perceptible alteration in the minerals themscd vcH. I lie air 

has reached a locality where there an^ no rocks and uhcr<* its 
velocity is sufficiently reduced, it deposits tlu^ partit'k's. Scmicthiii's 
these p^^rticlcB arc again carru^d liy the wind and re ch'poHifrd 
In this way, in the conrHC of time, vast ac<*unndalions of ,Hai«I 
are concentrated in situations wIku’c^ there is th(* least disiurhanc**. 
and there they form largo Iwals. Wlu^n^ th(^ winds an* irrcgiilar 
in their action, large tracts of (country an^ gradually ecivcrcd with 
wind-blown sand which is constantly shifting or drifting m the 
various directions taken hy the wind. Ac'eording to Flindors 
Petrie, 8 ft. of soil has been swept away by the v^iial in 
during the last 2600 years, or nearly 4 in. ]K‘r (‘(*ntnry. 

A certain amount of separation or grading of the sanrl is also 
produced by wind action. The larger particl(^s whicdi arc Icsm 
easily carried by the wind arc moved less frcnpiently, wliilst flic 
finer particles are carried about and are somcdlmc^s moved over 
considerable distances, so that, in time, the deposits become rnuglily 
graded, the finer particles being on the surfac^c^ and ihi*. <'ofii>»er 
ones lower down. Thus, if the surface sand dcipoKits cm dei>iert>i 
are examined they will be found to be very uniform in size on acci iiint 
of the sorting action of the moving air. According to sonic* ex|«*ri 
ments by J. A. Udden, the action of a wind travcdling ni eight 
miles per hour on particles of various sizes is as shown in Tiihle III, 

The maximum size of grains carried by normal wnrick is iihfiiti 
2 mm. diameter, but during storms much larger particles rimy he 
carried by the air. 

It is interesting to note how the prevailing winds have 
accumulated sand deposits in different parts of thci world. 11if‘ 
great desert belt stretching from the Sahara in Africa right nvmm 
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H T.'» I n |»slfh »hvr‘t>'llH- fH' ItMII* n Vi’tfP'rtl 

M .’IT lii 'u'i j|t»’i*i B |iiii.fh dl’iMii.’iMK ijiiMiif i.‘i ' IfMfu *1, ^«'ru«’|j,| |jsi<- 

H |h I ii ^ * ii-^i?*'*'**'* IrMifi hMii/Miilfil, 

«l HH. n».ttir#’f| !»( .'jd'lflM III U‘llH;*.|4M| t . 

H'»»| %%iti*i, 

H IJMT t “M|ll| 4 »’trlv I’Min*' |||I hy 

M 4 H »1 rit..iii| h»a'ii*’ u|^ i*y 


Anifiia i,H tm*' **f tin* iiHtf.r.tt |iiui^ »4 fin* urn! <’oir4n|iirnt! y 

tin* Jiir ^'lirrciiiinliii^ tin-' tu rtiMh ti*^% .’ird-* flii-i ImiI 

if* tH‘(ii|iy .'H|}ip‘r f4 fln^ air fnaii if. For tlirf* 

n'jiHHii tlirrr han lirru liUlr rhiiin-p tor tlir ‘'.aiid's lyy 

4i4ntn»4rati«*n iif tin- r<»rlv» in tin'"**'- arrn ^ fu hr rihufrti . nttd, 
ri,ni?'ir'qt|i’fil 1\' , flu'-y hav** ar« Uliitilat»-«i 4fid fMriliriJ lar|.*r' friirt^’-< mI 
fir*=rii. A lar^fr |»art nf thr Sahara nf a wliifr nr vrllMHt"4i 

Mflrjj innrfl uith y%|»aiii}, furimiii..' ihiiir’^ All -hM)' Irf*! hiyjli, 
flir liuMf hr|fi|.f ■HiiHirtiiia’H r^|*Ma’ft. Thi' a|i|irar tn 

In* liiiMrr |trriiiaiiMiit thaij lh«»'^r Hi yaaf iun^lirru lafitmlr-i lianni' 
<«4nriir^ insi‘’li Ham! r'arnrtl fnini ujir chnir Im nn^tlirr, i*r a rlianrr 
f)hMta»'lr, rairh hh jt ifrad raiarh may fMiJii a hat thr j^nirriil 

arranyriiiriil *4 thr ihiiir.H mnmn-^ laiiiataiit. Hir iiiuir#4 

t!ir r'ltriuaii nuilrf* arr ^aflirirlitly |Ma"inaiirfif Im |iai|ira,. 

A?^ a nilr. tlir dii^iiiin'r fiatlii rrri4 Im rr#M 4 |, ,,| fhi. AilHrM l«4h|» | iliifr, 
Ifiilivifhial h\nm^ ^'lit ly rii I hr wiiifi«arif mh\, fi^l liata* ii 

\rry Htni'p ill I hr Irrmanl, mi amaifit mI tlir ariniiafiy! ariirii 

Ilf flir air riirrriit^4 hrliiinl thrir r'rifnH^, *r}ir -itirfarr t»l ri 

nftrfi divrrf4itirfi liy nmaiflary ri|i|*|rn 

Uh-:Mi 1 ,'atmi''^ in havr |»rt»yr»| llial thr ilrurrt ‘’rainl rs 

hra\'ll\' rharifi“«l tt lth |araiiv*^ rlrr'tni'-jt V Fill ^ |»^'r IIIMir 

n/ufir ii4 fMimd III thr ail mrr th*" fliiiii hi flir i.»a.'4r>4 

Iliri'M Ilf I If' riliri m ih’-'a’i't rriiiitnf^^. hnf a rr-rt aiii aiiaasiit 

»4 ttafrr Hi tin" r^irh lif’l*! hv r'a|iilliiri arli«?n 4'hr' li«it riyV'i rf 

III** ’aifi firatt' tlii-s !#i tin" -airfari^ «if|i st .aihihlr ••ailf-i 

*4 «M<iPiiir «Ai r'hniii* a! ii'ai tiMii-s hrliirrii 

in*t. aiii| tin* itinait'i *tf tlir ifirha, -ai that 

tlir laflri’ iir*’ ilrr'fi||l|a»’srd U"ithiii. llil'i |irf »* r |r.af|.'s in tlir- 

ri’lliiHlt Jlll*»ll all4 -^'ailniltirat irlJ f4 '^ri liliirlil -j ailf! f hr 

rfiiiiiiriiiif tif iiiaiiy dr-tf’rf 'ivhirh ari' ir-uiaili I'r^ij It a|-:#« 

III tlir Hilt lira! if*ii *»! inaiiv nainJ.'t i^ith :a4iil4»- nail ■ 

li'llirli Hf ♦iiirf iiHr’-i all »■ lthir#*=5r-riir»’ »»tt tin* »iiHfaf^r' 

fj'iriftatlMii rf fir-^a-rt- liMiy ln*t riitirrii fliH'’' III till, 

i|i‘riii*hilpirr tail it rrrtain tfiat tlir |4airfl a |iir|,f** 
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in the formation and classification of the present surface deposits 
in the larger deserts. 

The fine sand of deserts is often blown high and carried for 
great distances by aerial currents ; finally it descends in the form 
of red fog/’ sea dust/’ or sirocco dust.” According to Geikie, 
it is occasionally so abundant as to obscure the sun and to cover 
the decks, sails, and rigging of vessels which may be a thousand 
miles from land. Much dust has been carried from the Sahara 
and deposited in the Mediterranean district and the Canary Islands, 
and it is said that some of the sand in these deposits may have 
come from South America. 

Volcanic dust is also carried in this manner, showers from 
Iceland having been deposited in Scandinavia, and some Krakatoa 
dust has even been carried to Europe. Large quantities of diatoms 
have been carried thousands of miles by wind. 

The amount of separation or grading effected by wind action 
depends on (a) the size of the particles, (b) their shape, (c) density, 
and (d) the speed of the wind. 

When all the particles are of the same material and are similar 
in shape, the amount of separation effected in transit will depend 
largely on the speed of the wind, but where grains of different 
materials occur, as is the case with quartzite sands containing 
heavy detrital minerals, the density of the latter largely determines 
the nature of the separation effected. In such a case, comparatively 
large particles of quartz may be blown away, whilst much smaller 
particles of zircon, rutile, etc., may, on account of their greater 
density, remain behind. 

In the case of shell sands, the shape very largely determines 
the extent of the separation which occurs. The grains are largely 
tubular, lenticular, or disciform, and a blast of wind may strike 
such grains under their flat surface and carry them to great distances, 
while the same blast would not move more rounded grains of the 
same bulk which rested beside them. Cams Wilson has noticed 
that associated tubular calcareous grains have been separated 
from the rounded grains of ‘‘ killas ” by the action of the wind. 

The great accumulations of blown sand occurring along the 
coasts are of essentially the same character as the sand dunes of 
the deserts, except that they consist of particles produced by marine 
and fluviatile denudation rather than those produced by a dry 
wind erosion, such as is the case with desert sands. 

The particular method by which nature works in the forming 
of sand hills on the seashore may here be briefly described. 
(1) Frosts tend to split rocks, and (2) the chemical action of the 
rain dissolves the binding elements in the rocks and liberates 
quartz or other insoluble grains. (3) Rain and rivers carry 
these grains to the sea. (4) Tidal currents deposit them on some 
adjoining coast, usually about the time of high water when the 
tidal action is at rest. (5) Wave action breaks up the surface 
of the shore by the fall of each wave, the result being a translation 


FORMATION OF SAND HILLS 


25 


from low- towards high-water mark of a larger miniber of grains 
than the backwash of the wave carries back. (6) The dr3iing 
of the shore by snn and wind agencies. (7) The lifting of the dried 
sand and its transportation by high winds until it is brought to 
rest by obstructions in the form of wreckage, cliffs, sand hills, etc. 
Such obstructions may start not only a sand hill but a new range 
of hills some distance away from the previous seaward line of 
hills. Examples of this action are common along the Lancashire 
coast from Freshfield to Southport, 

In order that sand dunes may be formed in large amounts, 
the following seven conditions are required, according to W. Ashton ; 
if any are absent, sand hills will not be formed or will be insignificant 
in extent : 

1. Contiguity to a coast on the windw'ard side, which is in 
process of marine denudation. 

2. Contiguity to mouths of rivers draining Millstone Grit or 
similar formations. 

3. A low fiat shore. 

4. A coast of such a formation as not to be easily disintegrated, 
such as true sand, and not of clay or chalk. 

5. The grow^th of star grass or other vegetation. Vegetation 
promotes hill-growth by the binding together of the sand, and even 
more by the grains being caught by the long blades of grass, etc. 
These grains fall in the lee of the plants, which push their way 
upwards so long as they can obtain a supply of moisture for their 
roots. Windy months which happen to coincide with the grass- 
growing period of the year are the most favourable to rapid hill- 
growth. 

Other sand binders are Salix rejpens, var. Argentea, or Silver 
Willow, found between Birkdale and Formby; Triticum repens, 
or creeping wheat grass, a smaller grass of blue-green colour 
which grows above high-water mark at the foot of hills ; and the 
sand sedge, Carex arenaria ; sea holly, sea spurge, saltwort, and 
sea rocket. 

In Cornwall, wild thyme has been found a satisfactory substitute 
for star grass. Sir Hyde Page, a noted engineer of his day, found 
the planting of gorse bushes an effective check to blowing sand. 

On the coasts of Norfolk, the Moray Firth, Norway, and Jutland, 
maritime pines have proved very effective in stopping sand drift. 
On the margin of Southamjpton Water, “ Spartina ” grass has 
proved very successful. 

6. A coast in general line with the prevailing winds. This 
condition is of great importance. The most favourable direction 
for the prevailing winds to strike a coast is at an angle of 10 or 15 
degrees ; they then have the maximum power of transmitting 
sand from the foreshore. Whenever extensive ranges of sand hills 
are found, this condition is invariably present. 

7. Sea-wave action which brings in sand from the sea. 

The sand carried by the wind impinges on the blades of star 
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grass, drops in their lee, and they continually push their way up 
through the accumulated drift. At a height of about 60 feet the 
sand can no longer draw up sufficient moisture by capillary action 
to serve the plants, and when these die there is nothing to retain 
the sand, so that there are few sand dunes more than 60 feet in 
height. On the coast of Norfolk, sand hills 50-60 feet high occur ; 
on the coast of Holland, some of the dunes are as much as 260 feet 
high. 

The breadth of the sand beds on the coasts varies from 3 to 5 
miles. The form of sand dunes depends entirely on the intensity and 
direction of the winds which produce them. In some cases the 
sand is heajDed up into mounds in rows ; in other cases the dunes 
form long, narrow ridges. When the speed of the wind is great 
they form at right angles to the direction of the wind, but where 
the intensity is less they may form parallel to its direction. In 
Central Asia the sand frequently takes a crescent-shaped form, 
the convex side facing the wind. Where the wind is irregular 
the sand is merely piled in irregular masses. 

Sand hills are chiehy found on the portions of the coast which 
are exposed to the prevailing winds, the most important of those 
in Britain, therefore, being on the west and south-westerly coasts, 
as in Devonshire, Wales, Cumberland, Lancashire. The last 
named forms a good example of wind-blown sands. The material 
composing these beds has been derived from three sources : 

1. Sea-eroded material from the Cheshire and adjacent coasts. 

2. Fluviatile material. 

3’, Tidal material due to the shallowness of the sea on this coast. 

The chief source is undoubtedly the second, viz. river-borne 
material from the higher parts of the Pennine Range where the 
rivers Ribble, Irwell, and Mersey rise. Repeated micro -examina- 
tions of the sands by J. Lomas prove conclusively that they are 
derived from the Millstone Grit formation. As the Pennine rocks 
are denuded, the clay is deposited on the Crossens shore as “ slutch,” 
and the greater part of the sand is deposited in sand banks at the 
mouths of the Dee, Mersey, and Ribble. Sea currents, the tides, 
sun, and wind do the rest in piling the sand into dunes along the 
north-western shores of the Mersey and the Ribble. 

The mean direction of the prevailing winds just south of west 
is well indicated by the inclination of the trees in unsheltered 
positions along this coast. Twenty years’ records show that 
nearly all the winds of sand-lifting force come from the south-west 
and west. The hill ranges accordingly show a steep side on the 
west-south-west or prevailing wind side, whilst on the leeward 
or landward side a long slope is usually developed. 

Among other extensive sand-hill ranges in Britain are those 
found on the north coast of Cornwall and between Nairn and the 
river Findhorn in Scotland. The largest sand-hill ranges elsewhere 
are found on the Ayrshire, Aberdeenshire, Lincolnshire (very low), 
Norfolk, Suffolk, and Glamorganshire (very high) coasts. 
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In some places, as in Cornwall, much of the blown sand is 
composed of comminuted sea-shells. In Bermuda and other coral 
islands, fine coral sand with comminuted shells has been formed 
into dunes by the wind and cemented by rain water, forming 
compact rocks. 

Deposits of blown sands are by no means always stationary, 
and, where changes in the direction of the wind are frequent, 
large tracts of land may be overwhelmed with sand and then 
cleared again, as at Santon Downham, east of Brandon, where 
sand storms or sand floods have at various times swept the country. 
At St. Pirian a church which had been smothered for seven centuries 
was uncovered in 1835 by the natural removal of the sand by the 
wind. The dunes in the Bay of Biscay, where they are not held 
by vegetation, travel inland at about 16|- feet per year, and in 
Denmark at 3-24 feet per year. 

The speed with which entire hills will sometimes be shifted 
was exemplified during a westerly gale in 1911, when, according 
to D. Pennington, a high hill between Freshheld and Ainsdale, 
near Massem’s Slack (Lancashire), was bodily moved between 
100 and 150 yards. Near the same spot and in the same year 
a curious find was made in the hollow of the outer line of slacks 
about a mile to the north of Freshfield Perch. Gales having drifted 
away the sea face of a long sand hill, on the landward side of the 
hollow the remains of seven wrecks of wooden vessels, apparently 
from 200 to 250 tons, were exposed to view ; two days later all 
but one were buried in the sand. 

When fixed by vegetation, sand hills have, on many coasts, 
a high value as natural protectors of low-lying lands from inundation 
by the sea. 

The deposits of fine detritus occurring in different parts of the 
world, and designated under the general term ‘‘ loess,” are thought 
by some to be of aeolian origin and by others to be produced by 
aqueous action (p. 31). According to Bichthofen, the Chinese 
deposits are largely composed of a fine dust, probably derived from 
a flu vio -glacial period and subsequently desiccated during a time 
of dry climate, the dry dust being afterwards transported by the 
wind to the river basins and plains of China. 

The Keuper sandstone round Birkenhead and Stourton consists 
of desert sand w^hich has been consolidated and made into a solid 
rock. On weathering, this rock disintegrates and forms a loose 
sand similar to other deposits of wind-blown sand. 

Aeolian deposits sometimes extend over wide areas, but are 
often of an irregular and discontinuous nature. Their thickness 
is usually very variable, and they often exhibit cross- or current- 
bedding. Ripple-marks sometimes occur and are useful in ascertain- 
ing the mode of origin of the sand. 

Sand hills sometimes grow rapidly ; H. T. Or of ton has observed 
that under favourable conditions those at St. Annes grow at the 
rate of over 2 feet per annum, the greatest increase occurring in 
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the more windy months of March, A|)ril, aial Ma\ . I. 

Reade calculated that about 105, (KIO cubit* yards <»! Hand ar** iicni d 
every year by the wind on I(> mil(*s of thi* South f^atirudiirt* 

About 2600 years, at this rate, would acctunii for the cut ir** di-fiod! 

J. Lomas, in a paper befon^ th(‘ British Association in 
the opinion that 400 years ago th(n‘(* W{‘rc no sand hills i»ii tlc' 
Lancashire coast. They b(‘gan to form at Fonidn al th«' end 
of the seventeenth century, sanding up the d<*(‘p cluuiud near fiio 
ancient port of Ronnby and thus increasing thf* sand druiig an%t* 
which afterwards extended rapidly northwards. As tin* In^rii 
water mark was rapidly driven back, succ*cs.sivc ranges r»f ‘Uiid 
were formed on the steward sidt*, until now sonu* of the Haiiid IiiIIm 
between Formby and Ainslic an^ m^arly HO f(‘(‘t higfi. This luoorHs 
still continues. The lateral growth of th{*s(* rangc.s is stirprisiiigly 
rapid; near the Palace Hotel, Southport, ranges 20 27 feel high, 
with a maximum width of H)0 yards, liav<* betm forme«i sinco 
Although these hills are of naumt origin, tin* santl of which tliev 
are composed is much older, much of it i)(‘ing at least 2tHHt y«*ars old. 

The sand hills at St. Annes appear to have* he(*n formed in a 
similar manner ; the main channel of tlu‘ Kibble luts gradually 
moved northward, piling the sand brought dr^wn In* the wafer 
on the north shore between Fairhaven and South Shore through 
the action of the prevailing winds. The range of modern Han<l 
dunes from Blundell Sands to (diurehtown appmtrs tc» liave a 
different origin and to be due to a change in the courst* <»f tlie Mersey 
about a thousand years ago. 

Aeolian or wind-blown sands ofKm consist of Hmiill angular 
grains, but those derived from the seashore in thf* mnniuu' juh»I 
described are usually rounded. (See also (FapttT HI., uniier Hlaitfi 
Sands and Shore Sards.) 


Flttviatilk Sands 

Fluviatile deposits are those which havc^ hetm ffumicd by tfie 
action of running water. These deposits accuimilaK* m a result 
of a decrease in the speed of the current, as at a sudden l«mil iit 
the path of the stream or where the river joins the nea, the cuntiief 
with salt water causing the deposition of some of the gniinH ; tin* 
ordinary sand deposits in the beds of most sin^airw iimi rivers 
belong to this class. In some cases the rate of <lc^pc>.Hitioii miiy 
be so great as to turn a stream out of its coiirwi or even to divtdV 
it into two parts flowing round the deposited detritiw. 

Fluviatile deposits may be formed on river banks iind flooil 
plains when the waters of a river are in flood and tl«^ speed k m* 
great as to cause the detritus carried along by the eurrfmi to 1 m* 
lifted over the banks of the river and deposited ovt^r tfie. low lying 
area on either side. Such plains of alluvium occur in many tro|iieiil 
countries where, during the rainy season, the rivers are acarnKtomed 
to overflow their banks. 
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Sometimes terraces are formed on either side of a stream. 
As the bed of the stream is graduallj^- lowered by erosion the flood 
level will decrease, so that as time passes the alluvium will be con- 
fined more and more to an area nearer to the bed of the river, 
forming a series of terraces of decreasing height as the bed of the 
river is approached. 

In this country it is common to find three such terraces, but 
sometimes as many as six, seven, or even more may occur. 

In North America this mode of sedimentation of alluvium has 
taken place on a very large scale; the Mississippi alluvium from 
the mouth of the Ohio to the Gulf of Mexico, occupying an area 
of 19,450 miles, is 25-40 feet thick. 

Fluviatile deposits may also be accumulated at the foot of 
mountain streams, waterfalls, etc., the decreased speed of the water 
causing the deposition of some of the material held in suspension 
or carried along by the force of the current. Such accumulations 
frequently take the form of cone-shaped deposits which are some- 
times of great extent, some being many miles in diameter and 
hundreds of feet thick. Such alluvial fans occur in India and on 
the flanks of some of the ranges in North America. 

Owing to the manner in which they are produced, fluviatile 
sands are usually ver^^ variable in composition and consist of 
irregular mixtures of particles of all sizes. Such deposits are found 
in many Cretaceous and Tertiary deposits around the Dartmoor 
and Cornish granites. The disintegrated materials, consisting of 
quartz, felspar, tourmaline, etc., which were carried by the numerous 
streams from the hills, became suddenly arrested in lakes and slow- 
moving rivers, with the result that much material was thrown 
down with no respect to the sizes of the particles, the deposits 
being very often fan-shaped in form. On the other hand, many 
rivers exert a marked sorting action, and thus produce various 
metalliferous deposits as well as beds of sand and clay. This is 
due to the fact that most of the metal-bearing minerals are so 
heavy that they are not readily moved by vrater currents, and 
consequently tend to become concentrated, whilst other ‘‘ lighter ” 
minerals are washed away, the residue forming “ mineral placers.” 
Many valuable minerals are obtained from deposits of this kind, 
including gold, zircon, platinum, tin, tungsten, as well as various 
gems. Thus, in Ceylon there are beaches with alternating layers 
of pink garnet and black ilmenite, whilst monazite occurs in the 
river beds and beach sands of Brazil, Travancore, and Ceylon. 

Fluviatile deposits are not usually so extensive as estuarine 
ones, and they may vary considerably in thickness in different 
parts of the beds on account of variations in the speed of the river 
and other causes. They also often exhibit stratification and 
frequently cross- or current-bedding. Conglomerates are generally 
of fluviatile origin, but they may also be formed on the shores 
of lakes and seas. 

Fluviatile sands are usually “ sharp ” and consist of irregular 
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fragments of numerous sizes. Whilst quartz is usually the pre- 
dominant mineral, others may be present in various proportions 
according to the conditions under which the rivers or streams 
obtained the minerals from which the sands are derived, and 
according to the treatment such minerals have undergone during 
transportation. (See also Chapter III., under Flaviatile Sands.) 

Estuarine Sands 

Estuarine deposits are formed at the mouths of rivers in the 
form of a delta ; they consist of successive layers of material 
carried down by the river and deposited. A delta only forms 
where the conditions for its formation are favourable ; where 
the sea at its junction with the mouth of a river is very deep, the 
suspended matter may sink to the bottom and not appear ; where 
there are strong currents, the detritus may be entirely removed 
before it can form a delta. 

Deltas may be of great extent, that of the Mississippi covering 
an area of over 12,000 square miles, whilst that of the Ganges 
and Brahmaputra occupies between 50,000 and 60,000 square 
miles, and is over 480 feet thick. 

Estuarine deposits may also be accumulated by bars and lagoon 
barriers, the water being arrested in its flow, and consequently 
depositing much of the solid matter held in suspension. As the 
sediment deposited near the mouth of a river accumulates, it acts 
even more eJffectively than the sea in arresting the material carried 
down by the river. Bars ” of this kind sometimes attain great 
sizes, and may be moved farther out to sea by floods or pushed 
up-stream by storms. Such bars occur in several places in this 
country, including Start Bay in Devon and between Mumble 
Rocks and Swansea. Every river has its estuarine deposit, but in 
many cases the sea removes so much of it that the residue is 
insignificant. The material so removed may form a fliivio-marine 
deposit in some other location. 

The principal estuarine accumulations include rocks, stones, 
gravels, sands, silt, and mud, and possibly loess. These deposits 
usually contain a greater or less proportion of clay, the amount 
depending on the velocity of the water. If the current is rapid, 
the estuarine deposits may be comparatively coarse, most of the 
fine material being then carried farther out into the sea and 
forming marine deposits. With a very sluggish river, however, 
much clayey material may settle along with the gravel, sand, 
and silt. 

The extent of estuarine deposits varies according to the size 
of the estuary, but they are sometimes very large, and are remarkably 
uniform in thickness over the greater part of their area. A peculiar 
feature of estuarine beds is the rapid alternation of layers of 
different materials, due to changes in the speed of the rivers at 
different seasons of the year. In times of flood, coarse material 
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ixLcay be carried much farther and deposited upon a bed of com- 
paratively fine material. 

In this country there are several extensive estuarine deposits 
in Lincolnshire and Northamptonshire. Some of them contain 
so large a proportion of clay as to be useless so far as sands are 
concerned ; the beds at Great Weldon, Northamptonshire, and 
also at Kettering and Wellingborough, are of this character. 

The loess or lehm which occurs over a large area extending 
eastwards from the north of France across Europe and Asia into 
China may be of estuarine origin, though it is thought by some 
to be an aeolian deposit (p. 27). The adobe of America is of 
estuarine origin, as are also the black earth of Russia and the regiir 
of India. 

Estuarine sands usually consist of moderately angular particles 
of various sizes. They closely resemble the fluviatile sands in 
many respects, and, apart from their situation, it is almost impossible 
to distinguish them from the latter. (See also Chapter III., on 
Estuarine Sands.) 

Lacusteine Sands 

Lacustrine deposits are of the same nature as estuarine deposits, 
except that they are characterised by greater uniformity on account 
of the smaller amount of agitation to which such deposits are 
subjected. Lakes are, in fact, great settling tanks in which the 
rivers discharging into them deposit their burden of clay, sand, 
and other minerals. As the smaller particles are carried the 
farthest, lacustrine deposits are usually deepest and coarsest at 
the inlet of the lake, the finest particles being deposited farthest 
away. Where a river runs through a lake and passes out at the 
other end, the result of contact with the waters of the lake is very 
obvious. Thus, the river Rhone enters Lake Geneva charged 
with detrital matter and appears quite turbid, but on leaving 
the lake it is translucent and blue, the material in suspension 
having been deposited in the lake, chiefly, near the end where it 
entered. Thus, lakes may act as filters and intercept the sediment 
carried into them by rivers. Large deltas are sometimes formed 
by material deposited in this way, many examples of this action 
being found in Switzerland and other localities. As the deposition 
of the material continues, the lake gradually becomes full and 
may, eventually, form dry land ” with a stream running through 
a portion of it. If the stream be diverted as the result of some 
earth movement, a dry lacustrine deposit is formed. 

As the deposition of material in a lake is a function of the speed 
of the water and the size of the particles, the separation of the 
gravel, sand, and clay is often very complete, the strata of each 
being clearly defined so long as the flow of the river feeding the 
lake is fairly constant. In times of storm, on the contrary, when 
the speed of the water is greater, the coarser particles are carried 
farther, and in this way a considerable amount of gravel may 
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be deposited simultaneously with the sand forming a diluvial 
deposit. 

The New Red Sandstone of Cheshire (known as Bunter Sand- 
stone on account of its variegated colour) consists of a consolidated 
bed of lacustrine sand laid down in fresh -water lakes. These 
deposits are at least 200 feet thick, and show clearly the importance 
of lakes in the formation of sand. 

Lacustrine sands are usually composed of grains of fairly 
uniform size ; they are moderately angular, but are sometimes 
well rounded. (See also Chapter III., under Lacustrine Sands.) 

Mabine Sands 

Marine deposits consist largely of material produced by coastal 
erosion mixed with that brought down by rivers and glaciers and 
with shells and other materials of a calcareous nature, derived 
directly from the sea, and, in some cases, with volcanic ash and 
dust. Three types of marine deposits may be readily distinguished : 
(1) those under the sea, or pelagic beds ; (2) those under the fore- 
shore, or littoral beds ; and (3) those now at or above sea-level, but 
originally below it, and generally referred to when the term marine 
is applied to sands. 

Pelagic deposits usually consist of very fine material comprising 
calcareous mud, volcanic dust, sand, and clay, with occasionally a 
small proportion of coarser material. Such deposits are of various 
grades from sands to oozes,” the latter term including the 
Radiolarian and Globigerina oozes. Pelagic deposits are usually 
subdivided into those formed at a depth exceeding 100 fathoms 
(abyssal deposits) and those formed in shallower water. The 
latter are, with local exceptions, of a heterogeneous character, 
whilst those formed at greater depths are of a very fine and muddy 
character, though often containing a small quantity of material 
of a coarser nature. 

The deposits known as sea sand usually extend out to sea and 
cover almost the entire floor to a depth of about 100 fathoms, 
except near the mouths of rivers and estuaries, where silt and mud 
are also deposited near the shore. 

The abyssal deposits or oozes scarcely come within the scope 
of a volume on “ sands,” but they may be briefly described ; they 
consist of a jflne material discharged by rivers, etc., into the sea, 
the coarser particles having been deposited nearer the shore, 
together with materials produced by the disintegrating action of 
the waves on the coast, volcanic dust, meteoric fragments, and 
the siliceous and calcareous skeletons of dead marine organisms, 
including diatomaceae, sponge spicules, foraminiferae, pteropods, 
etc., the first three having siliceous and the last two calcareous 
skeletons. Owing to their solubility in sea-water under pres- 
sure, calcareous organisms do not occur at depths below 3000 
fathoms. Siliceous skeletons are, however, less soluble, and 
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occur at the greatest depths of the ocean yet examined (over 
5000 fathoms). 

At the greatest depths, a red clay predominates, owing to this 
remaining in suspension after all the other materials have settled, 
but many deep-sea deposits contain a large proportion of sand ; 
they frequently contain no argillaceous matter, and consist wholly 
of non -plastic particles. On account of their consistency when 
drawn to the surface, deep-sea deposits are frequently termed 
muds, though some of them are not plastic like most muds found 
on the surface of the ground. 

Volcanic muds occur widely in the Western Pacific, and consist 
of fine fragments of lava, organic calcareous matter, and some 
clay. Near the coasts they may be classed as sands, but at greater 
distances from land they pass gradually into the other forms of 
mud and finally into abyssal ooze. 

Sands composed chiefly of foraminiferae, radiolaria, diatoms, 
sponge spicules, and other organic remains occur to a varied extent 
in various deep-sea deposits. Quartz is generally absent from them. 

Pelagic and abyssal sands are not accessible except in very 
small quantities. The particles of which they are composed are 
usually extremely minute and (with the exception of the radiolaria 
and some other skeletal remains) they are usually well rounded. 

Littoral deposits consist chiefly of sand and pebbles, such as 
the well-known sea sand and shingle on the coasts. Eecently 
deposited silt is found somewhat farther from the shore, but large 
littoral deposits of silt are found in the warp ’’ of the Humber, 
in the fens of Lincolnshire, Cambridge, and Huntingdon, in the 
flats and estuary of the Severn, in Morecambe Bay, in the reaches 
of the Solway, and elsewhere. They usually consist of grains of 
medium size, the smaller ones being largely separated by the flow 
of the tides, but littoral sands vary greatly in composition and 
physical properties. In some cases, the littoral deposits contain so 
much silt and clay as not to be rightly included in the term “ sands.” 

Elevated marine sands are usually of a very fine silty nature, 
and may contain a large proportion of clay. 

Marine deposits are usually wide and extensive. Their thick- 
ness varies according to the time during which the deposition took 
place, but in most cases, the deposits are remarkably uniform in 
thickness over large areas and are usually stratified. Marine sands 
usually consist of an irregular mixture of grains of many different 
sizes and of very variable composition, many different minerals 
being found. These sands are usually coarse, though some consist 
largely of very minute particles. (See also Chapter III., under 
Sea Sands and Shore Sands.) 

Glacial Sands 

Glacial deposits are closely related to those made by rivers, 
and are formed in a similar manner, but the materials composing 
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tht‘iri are oftvn inneh eoai’ser, us the solid iet* whieli furiiis tlie kditrier 
is able* to eurry nineli larger frauiuents and f»vrn lHiuldfT>. A 
C!hara(‘t(‘rist;ri(* tV'utare of thf*s(* ch*pr»sit> tfa* iMTuliar ^rriilehifl 
sarfaec* of th(‘ houidt*rs. wliieh ajipear to imve, been drauiiefl forribly 
along in a dir<‘etion paralhd fo the bill rainies aiai valleys in wliieli 
they <K*eur\ or down whieh tliev have tra\ei!i*d. In sonti* ilistriel-s 
(ijj. th(‘ (anslern counties of Hn,irland, the <da.cial Drift, forms lo»isr 
gravelly material consisting of fraginetds of nil the older I’oeks 
from granite* to e'halk. In other loealitie'S, both in Hugland an«i 
Hcotland, large* arenas are* e-ov<*re'd by lotise nibldy shiriLde* ami saiiiD 
forming memnel like* ridge*s nr Hat 1e>|)|H‘d irn*gtilar nioumis. as $f 
the* original gravcllv d«*|>osifs hael been .suhsea|ue’rrf ly furnninl 
anei worn away by curn*nts of wat4-r. De-posits (»f glaein! eaigiii 
are* ofie‘n e>f large* e»xt«*nt and are* usually tmiba'in in thie-kreess am I 
large-Iy fr<*(* from stratilie-atiem. 

Idle niate*rialH c'emipeesing the great part of sut-h eleposils are 
gravel, ejnartz sand, limevsfone pcAvde-r ami e-lay. the* Hu? first 
naia(‘d being e)f more- importane*i* to the* ri*a<lers of this voltiimo 
Tire de*gre*c^ of admixture* ed the*se \arie»ns niate^riuls depe-nds e-hiedly 
on the* (-ompositioti e»f the* roek or res-ks freun whie*li the- de-peesits 
were formed, DtlH‘r glaeial <U*posits vinmki of irre*gnlar aggrega 
tions of tenigh <*]ay ami sand with pebh!f»H irregularly elistribiiteel 
through tin* lH*dH. In Home of thi'se (h»po.HitH, the* elny is the* pre^ 
dominant mut(‘nab the* sanel oeenrring In le*nth’uliir “ peteke'ts ** 
or irregular strata ; in other place's, t in* sand and grave*! predeiminate 
anel the* (*lav o<*t'urs in iKolatcnl masse's. 

The Hands in glae*ial eh-posits partake* of the* min(*ral e‘hanu’fe-r 
of ihe*ir re*sp(‘e‘t,ive dmlrie’ts ; thus, tin* glaeial sand he'el.H eleriveat 
from the Doallievlds are^ usually elark-colemreel anel eoritain fragiiH'iitB 
of ceuil, shales and other (‘arhemifeTouH rocks ; Hanels ele‘rivi*el froiii 
the Old and N(*w Fu‘(l Handstone* are usually re*d ; tlnesi* from the 
Oolitic^ niul Cduilk tracts an* ye'llowish or gre'V. 

Olaeial sandH umniily eoimist of wc*ll roiunh'ci grains of vurieiim 
Hr/ 4 *H, togedh(*r with a v<*ry variahk* proportiem ed pedehles iiinl 
graved, d'he latte* may be* n*!imve‘d by rnmnniing, and any eta^\ 
prcjHeait niay Ih^ scapara-teel by w^'ishing the! sand. As glin'ial hiiiiiIs 
are vt*ry hvivmgimwnm in ehara(dT(*r tlt(*y an* of linut<*d usefulmM^s 

Fnnvio-cJLAe’iAL Han im 

Fluvio-glacial de^jxmits an* tliosc! fornn*d partly by gliu*iid iicitoit 
and partly by the! action of wate*r cieu-ivc'd from tficv melting iei% 
They are! ve^ry Bimilar in eharaeU!r to the! c/ontinental rivi*r <le|M«dtf4 
found in inountainouH distrieitH and are* slightly more r<*gtilfir tlifiti 
other gla<d.al doposite, as tiu*y have h(*(!ri Hubj<!cte*d t^o t.la* s«»rtiiig 
action of thc! wat(*r. Tlu! tiuvio-glaeial d(!|)OHits in the* vidley of 
the Thames contain many diffcr(*nt <*IaHH(*H of mah*rial, including 
lobbies from the! Bimtcer benls, Bandstoiie!, epiartzite!, tourmfiline 
breccia, eiuartsc-schist, and rhyolite. The sand and grave*l eleposilM 
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formed by flu vio -glacial action are sometimes so similar to fluviatile 
de]Dosits that it is always difficult, and occasionally impossible, to 
distinguish them. 

Sands formed by other Means 

In addition to the sand deposits formed, as already mentioned, 
by the destruction of rocks and the subsequent re-collection and 
concentration of the particles by various natural processes, there 
are several other modes of formation which cannot be classified 
under those heads. The chief are ; 

[a) Sands formed by the accumulation of the remains of marine 
animals and plants. 

{b) Sands produced by the precipitation of silica from solution, 
as the sandy incrustations around hot springs, etc. 

(c) Sands produced by volcanic action, including tuffs, etc. 

Sands produced by organic action may be of fresh-water or marine 
origin ; they consist of the skeletons or shells of minute aquatic 
animals and plants and of materials exuded by these creatures. 
The more important of such deposits are : - 

(1) Coral sands. 

(2) Shell sands. 

(3) Eoraminiferal sands. 

(4) Diatomaceous sands and earths, 

(5) Globigerinal or radiolarian sands and muds. 

Coral sands are produced usually by the disintegration of coral 
rocks by the action of waves, etc., the debris collecting into beds 
composed of particles of various sizes (p. 32). The coral rocks 
are, as is well known, the consolidated remains of calcareous coral 
organisms (Coralliaria) which have accumulated by the deposition 
of the remains of millions of such insects in w^arm salt Water. 
After continued growth, coral rock acquires a structure like crystal- 
line limestone. Much of the rock is disintegrated by the action of 
the waves upon it forming calcareous sand and mud which is carried 
away and re-deposited ; this remains sometimes as a loose sand, 
sometimes it is consolidated to form a secondary coral rock. 

Shell sands are deposits of the calcareous shells of dead marine 
organisms. These are accumulated by marine currents, etc., and 
disintegrated to a greater or less degree, producing sands of varying 
fineness. Some shell sands consist of a heterogeneous mixture of 
grains of quartz and minute shells ; others consist wholly of frag- 
ments of shells. In some cases, shell sands are raised above the 
sea-level and are carried away by the wind, forming dunes. 

Foraminiferal, diatomaceous, globigerina, radiolaria and other 
similar sands are produced chiefiy in the depths of the ocean by the 
accumulation of the minute skeletons and shells of calcareous and 
siliceous organisms. (See Marine Sands, p. 32; also Chapter III.). 
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Sands are sometimes produced by the accumul^ 
formed by the segregation of calcareoiis matter ^ 
around some minute organisms, as in the case of 
(Chapter III.). Some plants, such as Char a, have ^ 
composing carbonates dissolved in water and preci.l 
carbonate within their cell -walls. Others, includi^^ 
form an incrustation on their exterior. Such dep^' 
formation of various sinters similar to those cait^^ 
tion ; later, these large accumulations of calcareoU^ 
comminuted and again consolidated by the solvent 
containing carbon dioxide in solution . 

The sands ” produced by the precipitation 
substances from solution in springs, etc., may be 
they are not strictly sands. The principal depo^^^ 
are (a) chloride deposits ; (6) sulphate deposits ; (c) ^ 
[d) nitrate deposits ; (e) carbonate deposits ; and (/) ^ 
such as geyserite. 

Volcanic sands are largely produced by the acti 
which disrupt the rocks in their interior and b- 
quantities of small particles of volcanic dust which 
the wind and eventually fall on to the surface of bl 
the sea. The size and density of the particles 
distance to which they may be carried by the witx’ 
particles usually fall in the immediate vicinity o£ 
whilst the finest grains may be carried for hundred^^ 
they are deposited. Volcanic sands frequently c 
proportion of crystalline matter, especially toward- 
series of outbursts. Thus, showers of lencite and 
been ejected from Vesmdus, and pyroxenes coated 
found on the flanks of Etna and Stromboli, whilst 
in the ashes of Ischia, and much of the ash from Kl; 
of plagioclase, enstatite, augite, and magnetite. 

Tuffs are classified by Pudson in three groups : 
containing a large proportion of glass dust ; ( h) crysta i 
individual crystals; and (c) Uthric tuffs containin 
rock, but no obviously glassy or crystalline particles 



CHAPTER II 


THE OCCURRENCE AND DISTRIBUTION OF SANDS 

Sands occur in almost all parts of the world, though they are 
distributed in a very irregular manner. They may, for convenience, 
be divided into two groxips : (1) those being formed now or within 
recent times, and (2) those formed in previous ages and now 
forming part of the sedimentaxy strata of the country. The 
former are the topmost beds of the Post-Pliocene system and 
include superficial deposits formed by the recent disintegration of 
rocks and, in some cases, the transportation of the disintegrated 
material by wind, water, or ice to some other location. In short, 
they represent a continuation of the processes by which the older 
sands have been formed. 

The second group includes sands which have been formed in the 
various ways described in previous pages, but have been subse- 
quently covered by other materials and may also to some extent 
have been consolidated by pressure, or as a result of the infiltration 
of water containing cementing substances in solution. "V^Tiere 
consolidation has occurred to any great extent, sand-rocks or 
sandstones are formed ; some of these, as ganister rocks and 
quartzites, when crushed, are of value as sources of sand. Loose 
sands are chiefly confined to the more recent formations, as when 
they are deeply covered by rocks the pressure is usually sufficient 
to consolidate them, especially when other metamorphic influences 
are also at work. 

In considering the distribution of sands it is convenient to 
arrange them in accordance with their geological sequence rather 
than their geographical position, as the latter is to some extent 
accidental. Primary sands — so far as any such sands are known — 
are taken first and the others, as far as possible, in the order of their 
deposition. Owing to earth -movements of various kinds, some 
local deposits of sand do not lie precisely in the position in which 
they might be expected to occur, but these small irregularities do 
not detract from the convenience of the geological arrangement. 
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ARC’HHAX SANDS 
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AR(!HKAN SYSTEM 

Archean rockn oaly eontaiM n^latividy small prc^fjortinti^ nf uiiifl, 
and Biich material is usually so witli tip* tip*! 

it must be separatcxl by washin|(, s(*rc(Mnri^, or oilier luesdiaiit* 
means. Consequently, these, rocks as a whok* d(Miot direct 1> f tii ii i li 
much natural sand. They can only do so vvlieri the rock hii*’ 
undergone considerable disintegration, us part, of tip* of 

Cornwall, Devonshire, and elsc^wlau’e from which i‘hina c!a> ami 
kaolin are obtained, together with (*onHid(*rabIe (plant it of 
(See China Clay Bands, Chanter HI.). 

In addition to the small particles constituting sm'b fai mat y 
sands there are various igneous rocks, including pcgniiilifcr^ 
aplites, microgranites, and rnodificKl granit(*H, which may hr grotiipl 
and so used as sources of sand which is venw suitiibb* fur iitiii*' 
purposes when the rocks are suffickuitly from iron cofiipiiiiiifi^ 
and other undesirable impurities. Thf^ cawt of cniHhing how 
ever, in many cases prohibitive and th(‘. igiu*ous r(KdiH I tin no i»f n 
complex character — seldom produce sands of high ipialit) . Soni#" 
rocks which contain clastic fedspar may, when cTUHlied, be of niliif - 
for glass-making, as, for example, granophyre from liriimly Dill. 
Ciamberland. 

The portions of igneous rocks composed of almost pun* (|uiirl/. 
are, unfortunately, generally uhcIcsh on ac^eount of the great f ont 
of grinding, sifting, and washing tliem. For many fairpoHCH abn# 
the crushed rock is not so suitable as the incohcrcuit Hancb m(( tliut , 
except in rare cases, crushed quartz is of very limited iippliciition. 
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(^AMimiAX HANDS 


qixartzito ansoeiatod with s(»inr eaii'urt'ous niatrrial, \vhi« |i iH't yrn 
on th(^ k1o])c.‘h of Mut'klsh MtHiiiiain, soiiio distmicf* fmin D^iory.il 
(Inland), in Kuitahh? for, and has brtyj usi‘d fni% tho |irfidtirtniii 
of glass. Ah th(‘rc‘ is an ahnndanc<‘ of sand. thiTo. is nu lifs-ii,. .it 
pr(‘H(‘nt., to ('rush th(‘ niassivi^ nK*k. 

A Hiniilar deposit of Dairmlian (juarl/iie nvrnvs at fNai a r|«iv, 
Oo. Mayo, and n(‘ar Kentalhnn Argyllsiiire. At the Ia1t«*r plati*. 
it is work(‘d for sands for th(‘ tiltniti<»n of acids and f«>r 
and r(*frae.tory purpost's. It has not been us<*fi for Lda:-.-^ inaiiii 
faetnr(% though it app(*ars to be suitable. At Stonetii ld, in 
Port-a-cdoy Bay, (V>. Mayo, sand obtained fnmi a deeniiipo^nl 
qtxartz-iniea-.sehist is UH(‘d for various purpfme.s. 

Mutdi of the sand found on the* shores of the Isle r»f Jura. Scfitlifiil. 
is d(‘riv(‘d from the* (listnt(‘gration of DairaeUan epiart/.tiefH. need has 
in the* f>ast beem tis(*d for glass-making. 

The heaeh-sands of the-! Isle* of Higg, uhieh are als(» deiivrtl 
from metamorphie reK*ks, basalt, ede*., e< insist largely of (|mirtz, 
together with nmeh kaolinised fe*lspar and eh'trital miiienils. 

DAMBlllAN HYH'rEM 

Th(^ (Viinbrian rocks also include* various e|uartzitf‘ roefe* forna^fl 
by th(^ (ainsolidation e>f d<*poHited sands uhiedi luighl pay ff*r 
crushing to sand. Tlu^ ehi(*f of these* an* the HartHhill and lai Iv* y 
cpiartzitCH, which oeenir in Warwie'kshin* and WdireeHterddii* 
rf‘sp(‘etiv(dy. The Hartshill cpiartzitee (*xte*rKls fneui Xuneatun ui 
a north-westerly direction, forming an outcrop a little* {»\er a e|inir!e’i 
of a mile wide and nearly three nuk*s long, am! liaving a thic{ai«‘'»ro 
according to T. Eastwood, of about 90(1 ft. It c'onsistH of it uh$te, 
pale pink or purplish, lK*ddc*d rock with shiily partings eli\iihiig 
it up into the Upper or (.'amp Hill, Midelle nv TiiVtle* Hilb and Ianu*i 
or Park Hill quartzites. It is work(*d at Hartshill n<*ar At tier?* I one, 
and at Nuneaton; it is crushed for use* in tin* rniinufiu'tun* of laliexi 
f)rickH. 

The Xiekey quartzite*, oee.urs in the* Lie-key Hills, ahouf I miles 
to the north-east of Bromsgrovc^ and extenduig f<ir nearly 2] iinleM 
between Rubery and Barnt Qvam, with a width varying from 
2()() to 400 yards; it is worked at Kuhery and Itednall. If tn n 
hard, grey quartzite, slightly stairuHl in somc^ parts by iroii, ainl 
is used chiefly for road-stone, but has lieen UKe<l as a siibstitutr 
for groxind ganister for furnace linings. 

The quartzites of the (Cambrian systcmi in the* Midlanilh iire 
not HO pure as some others, but when crushed they form UHefiil 
sands. 

ORDOVICIAN MHTEU 

The Ordovician system consists principally of sandstonrH mul 
elates, and occurs in Central and West Wales, (b. TipiM rarv. 
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CARBONIFEROUS SANDS 


Red Sandstone has formed a detritus of sand mixed with large 
and small blocks of grey sandstone occupying a large area and 
being in places more than 10 feet thick. This sand is used for 
lining open-hearth furnaces, for puddle, and as a substitute for 
ground ganister. 


CARBONIFEROUS SYSTEM 

The Carboniferous System is rich in sand rocks ; it may be 
divided into six sections, namely: (1) Calciferous Sandstone; (2) 
Mountain Limestone ; (3) Yoredale Rocks and Millstone Grit ; 
(4) Lower Coal Measures ; (5) IVIiddle Coal Measures ; and (6) 
Upper Coal Measures. The carboniferous rocks are widely dis- 
tributed in the United Kingdom, the chief occurrences being in 
Central Scotland, Northern and Central England, Wales, and 
Ireland. 

The Carboniferous System does not yield many deposits of loose 
sand, and is chiefly valuable for sand rocks such as sandstone, 
silica rock and ganister, which are ground to the desired fineness 
and then used for the manufacture of silica bricks, sand-lime bricks, 
and for furnace linings. They are, when crushed, also used for 
filtration and other purposes in the same way as sands. In many 
cases, however, the interstitial cement renders the material of 
little value. In other cases, it does not pay to crush the rocks 
owing to the proximity of other materials which need less prepara- 
tion and can, therefore, be worked more cheaply. 

The Calciferous Sandstones which occur in Fifeshire and 
Edinburghshire consist of hard siliceous sandstones which have 
been worked at Barnton, Currie Glen, and Craigleith quarries, 
in Edinburghshire, for use as building stone and for grinding glass, 
but they are too hard and too impure to be worth grinding so as 
to produce sand. 

Hard quartzose rocks similar to ganister also occur at Kinghorn, 
Ffleshire, and probably extend inland on the same horizon. Soft 
and decomposed sandstones belonging to the Upper Calciferous 
Sandstone group occur at Coolkeeragh, north of Londonderry, 
where they are white or reddish in colour and are used for inferior 
bottle glass. A soft white sandstone about 30 ft. thick occurs 
in the Calciferous Sandstone Series near Lower Kildress, Cookstown, 
Co. Tyrone, the upper portion being stained brown or reddish 
and containing wedges of ferruginous matter. In the lower part 
is a thick bed of very fine sandstone, which is readily disintegrated 
on exposure and is used for glass-making. 

Carbordferous Limestone. — The Mountain Limestone includes 
numerous pockets containing sand which has been left after the 
removal of the limestone in solution by water charged with carbon 
dioxide. The largest pockets or swallow holes ” occur in the 
Mountain Limestone of Derbyshire and North Staffordshire. In 
Derbyshire the pocket sands occur in an area enclosed by Monyash, 
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Yoiilegrea-Te, Hartmgton, and Winster, and extending northwards 
to the junction of the limestone and shale beds. 

At Park Mine, near Askhani-in-Pnrness (Lancashire), sand, 
coYered over thickly -with boulder clay, occurs in pockets of 
haematite in the Carboniferons Limestone. It is used for moulding 
steel and for lining steel conYerters. 

In Staffordshire useful deposits of sand occur near Oakmoor. 

Other deposits are in Flintshire at Halkyn, Ehes-y-cae, Pantddu, 
etc., in Denbighshire, near Llandudno and Abergele, at Conway 
in Carnarvonshire, and in some parts of Ireland. The Abergele 
deposits are the only ones of much importance, the others being 
mostly small and not at present worked. The pockets are usually 
cup-shaped and contain pebbles, sand, and white or coloured clay, 
the materials being mixed to some extent with granular particles 
from the Millstone Grit rocks, which occur above the Mountain 
Limestone, and also with materials derived from other roclis as 
a result of glacial action. In some of the Derbyshire deposits, 
debris from the Bunter Sandstone, Pebble Beds, Keuper Marls, 
and Rhaetic formation are found, and in some places lignites occur, 
forming beds similar to those in which the Devonshire ball clays 
occur. (See also Ganister Bands, Chapter III.). Some of the pocket 
sands might he useful for glass manufacture, as at Brassington, 
Parsley Hay, and Abergele, but in most cases they are too irregular ; 
they are used as refractory materials where they are sufficiently pure. 

The principal silica rocks found in the Carboniferous Limestone 
Series are in North-eastern England, North Wales, and Scotland. 

In orth-eastern England there are several beds of siliceous 
rocks in the Carboniferous Limestone Series at various depths 
to nearly IlOO ft. helow the Millstone Grit. The principal beds 
are : (1 ) the Egglestone silica rock or Roinaldkirk ganister, which 
lies above the Fell Foio Limestone ; (2) the Harthope silica rock ; 
(3) the Rookhope bastard and pencil ganisters ; (4) the Fourstones 
silica rock below the Main Limestone ; (5) the Nattrass Gill ganisters 
below the Undersett or Eoux-Fathom Limestone ; (6) the Brigg 
Hazel rock above the Three -Yard Limestone ; (7) the Lunedale 
rock between the Eive-Yard limestone and the Scar Limestone. 

The Egglestone rock is worked at Castleside, near Oonsett, on 
an outcrop sloping slightly to the east under a covering consisting 
chiefly of shale. It consists of two beds of white and blue quartzitic 
sandstone respectively, and is used in the manufacture of silica 
bricks. 

The Harthope silica rock outcrops from beneath a peat covering 
at Daddry Sheild, R.S.O., in Durham, and is employed for the 
manufacture of silica and ganister bricks. 

The Rookhope ganister consists of a hlack pencil ganister and 
one of a lighter colour lying immediately above the Firestone Sill 
of the district, the top bed being the densest and most quartzitic, 
and is more suitable for use as a refractory material than the lower 
bed which passes into an ordinary sandstone. 
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The Nattrass Gill ganister consists of two beds, the upper beiia^ 
a hard white pencil ganister and the lower a light grey or hlix^ 
quartzitic sandstone separated by a thin bed of grey shale and sandLlX 
clay. It is worked at several places near Gold Hill, Weardal^^J* 
the product being used for silica brick manufacture. A near! V 
equivalent deposit also occurs below the Undersett Limestone 
Wensley, Yorkshire, which corresponds to the Four -Fathom Limo^ 
stone of Durham. 

The Brigg Hazel silica rock is a whitish quartzitic sandstoix^ 
outcropping at Lanehead and Westgate in Weardale and Harperle^^ 
(Co. Durham), the material being used for silica bricks. 

The Lunedale rock occurs to the north of Lunedale valley, ancJ 
consists of a fine -grained quartzitic sandstone which is used fa 
ganister and silica bricks in the district. 

The silica rocks of Durham are used almost wholly for th<^ 
manufacture of silica and ganister bricks ; they do not appear to 
have been tried for any other purpose. 

In Wales a white sandstone almost 23 ft. thick occurs in tho 
Carboniferous Limestone at Waen, near Mold (Flintshire), immedi- 
ately above an impure limestone. It contains little ferruginoui=5 
matter, and is quite soft and easily crushed. It is largely used irx 
the manufacture of scouring soaps, and might also be employed fox* 
glass-making and refractory purposes. Similar deposits occur at> 
Pant ddu and Minera, though they are generally of inferior quality - 

At Hafod, near Mold, a bed of sandstone about 12 ft. thiclc 
occurs below a limestone in the same formation, and is associated 
with boulder clay in some parts. Some of this material is ground 
for furnace linings. 

The Carboniferous Limestone rocks of Wales and Derbyshire 
also yield a sandy rock termed ‘‘ rottenstone.’’ It is formed in a. 
similar manner to the pocket sands by the solution of the lime- 
stone from impure rocks, a porous, soft, siliceous skeleton being left 
behind. The principal rocks from which rottenstone is formed are 
dark coloured, impure, and often bituminous limestones, frequently 
containing cherty matter. In Derbyshire, rottenstone occurs at 
Ashford on Bake well Moor and at Wardlow Mires, as the result of 
the decomposition of a black bituminous limestone. In South. 
Wales, rottenstone has been worked in Brecknockshire, Carmarthen- 
shire, and Glamorganshire. It occurs between the valleys of the 
Neath and Tawe in the Main Limestone as thin bands in the shales 
with which it is associated, and is derived from a dark impure lime- 
stone which has been decalcified, leaving a porous, soft rottenstone 
free from grit. It has been worked to the south of Pwll Byfre and 
along the top of the limestone on the east side of the river south of 
Penwyllt station. It has also been worked as far as the east side 
of Careg-lem on the west side of the Tawe, where it is buried under 
the drift deposits. 

Around Ammanford, rottenstone has been worked along the 
outcrop of the uppermost beds of the Carboniferous Limestone as 
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far as Lland57fan and in a small inlier at the south -west end of Tair 
Cam. It has also been worked along the eastern side of Pen-}^?- 
alleg in the Twrch Valley, at Cam Pen-y-Clogau and Cam Cennen, 
north of Br3mamman, and at G-arn-hica, near Llandyfan. Rotten- 
stone has also been dug around the base of Castell-y-Geifr and 
from the glacial drift south of Carnau G^^ys. At the latter place, 
the drift lies in the dark-coloured limestone. 

Rottenstone is chiefly used as an abrasive for polishing marble, 
metals, etc. 

In B Gotland there are various potential supplies of ganister-like 
sandstones in the Carboniferous Limestone Series of Peeblesshire, 
near Macbiehill and Carlops, in Lanarkshire, near Lesmahagow, 
Gore bridge and hTewtongrange in Edinburghshire, and to the south- 
east of Dunbar (Haddingtonshire). 

Siliceous sandstones also occur above the Main and Index 
Limestones respectively near Carluke and Bishopbriggs in Lanark- 
shire and in the Lower Limestone group near Stevenston (Ayrshire). 

The '' rotten rocks ” which occur in the Carboniferous Limestone 
or Millstone Grit around Glasgow consist of white to pale brown 
sandstones containing about 95 per cent of silica. They are crushed 
and used as moulding sands and for the hearths of metallurgical 
furnaces. Rotten rocks are worked at Auchenheath, and Monk- 
reddon, near Kilwinning, in the Carboniferous Limestone Series and 
also in the Millstone Grit (p. 48). 

At Auchenheath (Lanarkshire) a grey, rooty ganister and a 
white sandstone rotten rock ^’) occur immediately below the 
Calmy or Gair limestone, being separated from each other by a 
thin seam of fireclay ; they are used for silica bricks. Some of 
the lower bed is used as a steel -moulding sand. 

At Levenseat, near Pauldhouse (Edinburghshire) a 30-70-ft. 
bed of white or yellowish, friable sandstone called the '' Breich 
sandstone ” occurs about 30 ft, above the Castlecary Limestone 
in the lower part of the Millstone Grit. The rock disintegrates 
readily on exposure, and was used chiefly for building purposes and 
for moulding pig-iron. It is now used to a much greater extent 
for open-hearth furnaces, steel -moulding, and for glass-bottle 
manufacture. 

A soft, white sandstone about 20 ft. thick belonging to the 
Carboniferous Limestone Series at one end of Ashgrove Loch, near 
Kilwinning, may be suitable for refractory purposes and glass- 
making. Similar sandstones associated with carbonaceous layers 
also occur at Cowrie and Plean, near Stirling, Kingscavil, near 
Linlithgow, Glenboig, and Hailes, near Edinburgh. 

At Uplawmuir, the Caldwell sand obtained from a soft yellow or 
white sandstone is used for open-hearth furnaces and as moulding 
sand. 

The Campbeltown sandstone occurs above the Main Coal, and 
is used for the hearths of open-hearth steel furnaces, also as a 
moulding sand and for glass-making. 
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SANDS FEOM MILLSTONE GEIT 


The Millstone Grit is a typical, hard, qaartzose sandstonej 
alternating with shales, -which constitutes the lower beds of the 
Coal Measures and so is known to colliers as the “ Farewell Rock.” 
Where it is not so covered, it usually forms narrow areas immedi- 
ately around the great coalfields of Wales, Yorkshire, Derbyshire, 
the west of England and on the edge of the Northumberland and 
Durham coalfield, though some small areas of it are distributed 
irregularly some distance away. Thus, to the south of Hexham 
and Haltwhistle in Northumberland are several such isolated 
areas, whilst numerous others occur to the north-east of Sedbergh. 
A large area of Millstone Grit extends from Lancaster to Settle and 
Garstang. Another large tract occurs in West Devon, extending 
from Barnstaple to Tavistock and from Bampton to the Bristol 
ChanneL 

The Millstone Grit rocks vary in thickness in different parts of 
the country. In the Mendip Hills, near Bristol, they attain a thick- 
ness of from 500-1000 ft. In central England, the rock is 
lighter in colour and contains many pebbles of white quartz, passing 
sometimes into a conglomerate, and at other times abounds in 
grains of felspar, forming an arkose rock. It is thickest in South 
Lancashire and Yorkshire, but to the north, in Northumberland, it 
decreases to about 400 ft. in thickness, and is even thinner in 
Scotland. 

In Gumherland a coarse yello-wish- white, felspathic and slightly 
micaceous sandstone occurs near High Harrington in association 
with mixed shales ; it is ground and used as a substitute for ganister 
and ganister sand. 

In Derbyshire a bastard ganister occurs in the Millstone Grit 
Series about 12 ft. below the base of the Rough Rock at Ridgeway, 
Ambergate, and a silica rock termed Litchfield’s Ganister ” occurs 
some distance below this in the same formation, but these deposits 
have not been, as yet, sufficiently well investigated to determine 
their uses. The waste material, left after preparing large blocks for 
building purposes, from the Millstone Grit rocks at Rowsley may 
be used for making common glass. 

In Yorkshire the Millstone Grit at Bentham is crushed for pig- 
bed sand. 

In North Wales the principal Millstone Grit rock of commercial 
value is the Cefn-y-fedw sandstone, which occurs in isolated areas 
near Mold and Minera and between Trevor and Porthywaen. 

In Flintshire it is worked to the south-west of Mold as a source 
of silica sand for pottery manufacture. Another exposure in the 
same district is ground and sold as silica fiour. At Graianrhyd the 
sandstone, which is about 60 ft. thick, is used as a source of silica 
sand and for refractory purposes and for scouring and abrasive 
soaps ; near Buckley it is ground and used as a sand for lining 
open-hearth furnaces. 

In Denbighshire the upper part of the Cefn-y-fedw sandstone 
consists of a highly felspathic grit, whilst in Flintshire it consists 
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SANI)8 FROM MII.LHTOXH 0IU1' 

forming a loose sand which is use<{ for tin* same purpn-rv ;t , flii’ 
solid rock, but has the advantage*, that it ru'eds little ea im eiiidiiiit^ 
Weathered beds of this kind oe'ctn* at flirwaum near Ahffdari\ 
and Penwyllt in Brc(‘kno(*kshin‘, Mynydd y gareif, iirar Ktdtt< hi . 
Brynaniman and Upfxa’ (Hvintwreh in rnranartheiisldre. ami ni I lie 
Vale of Neath in Glamorganshire*. 

The Basal Grit at Mynydd-^y-gareg has b(M*n frimlied lem fiit*’ 
and used as a polishing powder to some* (‘xtent.. Some of tie* ;o*fl 
sandstone at the base of th<^ Millstom* (Jrit a?*ound ( ai iuarl liefi lin'* 
been dug for building sand. Soutk of {*aslle ( oeh. yidlow h^aiiiy 
sands with bands of fine and coarse* gravel a depth of :i2 ft 
have been worked for building sand. The* lo\\<‘r layer, wliiefi i# 
about 7 ft. thick, is best suiBal for this purposi*. 

In Durhim the beds of Millstom* Grit yield varioun line graiiied 
quartzose sandstones, sorm^ approaching Ijastard gani:4f'i>*. whirti 
are used for the manufacture of Kilit*a bricks and as stairreH of Hainf# 
for furnace linings, etc. The* Grit is conveniently divided iiifii 
three groups, the two upper ones yi(‘Iding four beds of w'r\ieoah|e 
stone. In the topmost be<ls are the silica r(H*kH of (‘astir Hdl. near 
Consett, and those of Gross Qtiarry, ni*ar Stanhope, uhilnf in the 
middle beds arc the rocks of West liutsficld Quarri<'S, ( 'onset t , Saiid% 
Carr, near Redgate, and Weathcrhill Quarry, nr‘ar Spennymoor, 

In Central J^cotlancl there are two important Iw’ds <d ulirrou:^ 
rock lying respectively one above and tlu* otiH*r the Middle 

Fireclay in the Millstone Grit. In sotiie plac(‘s, there are wnerai 
bods of ganiater interstratified with fireclay, whilst in other, only 
one bed occurs between thie.k beds of fireclay. At Bonn> bridui^ 
(Bonnyside and Dykehead pits) both ganisk*r Ix'ds are worked, the 
upper being the most valuable, but at Druiii Mine and (hoefiliill 
only one bed occurs. 

In Linlithgowshire, a whiter medium-graiiu'd .sandHtoiie of'eiirriiin 
above the Top Fireclay is used for siliita bric^ks. At Illoi liiiirii, 
near Glasgow, two beds of whik^ sandstone, occiining in the ii|i|ier 
part of the Millstone Grit are worked. Tht* upper la^d nbiail 
20 ft. thick, and consists of a hard whikt HiIic*(‘ous roedi lUiieh wm 
at one time ground for use in opcmdiearth fuimat'es. Tin* hnver 
bed is more argillaceous, and is suitable for nmnlding Hand. At 
present neither of these beds arc in use.. These* beds Iwdong fn 
those termed ‘‘ rotten rocks,” whicdi are worked in tin* 

Grit at Drumcavil, Garngad Road, Garnkirk, iiml Ghmladg. rfiiefiv 
for moulding sands, but also for furnace k^arths and for tirnlmm 
silica bricks. 

In Stirlingshire, a white ganister oetujr.H about IIO ft. heh#m 
the Lower Fireclay at Castlecary ; it is crushcid litKl used for idln’n 
bricks. At Gartverrie, near Glenboig, a sandstone oe.«*ur.H !MI BJi ft , 
below the Low'er Fireclay ; part of this Iml is uHc*d for the henrtli^ 
of open-hearth furnaces and as a moulding sand. Some hun 
been used for glass manufacture. At kwensc^at (BdinliurgliMliirep 
a soft decomposed sandstone occurs over shale bcMs in tlii* lowf^r 
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part of the Millstone Grit formation, and is covered in places by 
a thin layer of Glacial Drift. It is gronnd and used for inferior 
glass-ware, and may also be used in metallurgical furnaces. 

Siliceous sandstones also occur in the Mllstone Grit at Kello 
Water, Dumfriesshire. 

In Ireland the Ballycastle sand lies on the Carboniferous sand- 
stone, and may have been partly derived by the disintegration of 
this bed, and has been added to by blown sand from the dunes. 
The material is used for the manufacture of bottle glass. 

The Lower Coal Measures consist chiefly of argillaceous shales, 
sandstones, coals, and grits, or of white sandstones and dark oily 
shales (as in the Scottish- Lothians). They are apparently of 
fluviatile or lacustrine formation, though there is occasional evidence 
of marine deposits and of admixture with igneous rocks which have 
been brought to them by the action of flowing water. The sand- 
stones may be very coarse and loose, or fine and compact, as in 
ganister (see Chapter III.). 

Canister and ganister-like sandstones occur in North Lancashire, 
Derbyshire, Durham, and South Yorkshire. The most important 
deposits of true ganister are found around Sheffield and in other 
parts of South Yorkshire ; they lie between Halifax Hard Mine 
Coal and the top of the Millstone Grit ; the best beds being 
immediately below this coal and bearing the name Hard Mine 
Ganister ; they vary in thickness from a few inches to more than 
5 ft. A bastard ganister which occurs beneath the Clay Coal in 
some localities very closely resembles the Hard Mne Ganister. 

The Hard Mine Ganister is chiefly obtained near Beeley Wood 
and Deepcar and in the Little Don Valley between Stocksbridge 
and Huddersfield. A bastard ganister occurs in places below the 
Hard. Bed Band Coal and is worked at Bullhouse. These deposits 
are chiefly used for the manufacture of silica bricks, silica cement, 
and ground ganister for furnace work. The beds dip steeply, and 
whilst they outcrop at Totley on one side of Sheffield, they occur 
at a depth of nearly 400 yards at Deepcar on the other side. 

In the Huddersfield, Halifax, and Leeds districts the Hard 
Mine Ganister occurs, sometimes as a ganister and also as a siliceous 
clay and a siliceous sandstone. 

At the base of the Lower Coal Measures very pure and much- 
shattered Carboniferous sandstone, called the Guiseley rock,’’ is 
worked near Guiseley (Yorks.). It is crushed and used in the steel 
industry, and has also been employed on a small scale for glass- 
making. 

In Derbyshire the Sheffield ganister occurs atound Beauchief, 
Dore, Totley, and Bullbridge near Ambergate, in the same horizon 
as in South Yorkshire. To the south-west of Chesterfield a ganister 
occurs above the Alton Coal, and at Ridgeway, near Ambergate, 
a bed termed “ Glossop’s ganister,” which occurs about 100 ft. 
below the Alton Coal, is more correctly regarded as silica rock than 
as a true ganister. 
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hi IhirhfiNi two iiiiportaiit of hilira n»rk ifi flit" 

Lo\v(‘r CoiiI Mrasuros. 'I'hi* iippi*’* hrfi r>tT{{r> a! rmiik ami Kint 
Kc.Il, south of Whilsiny^hani. 1‘ho hoii^ rlip -JIlOi!!} to tln' iiMr!|i, 
and oonsisl of fino'^jraiiiotl hafaistoiios uldf'h an* ti-otl f‘»r f!i<" 
nuHiufaot.un* t»f silioa hrioks. 'Fho louor bod orrurn pi-t ifir 

Millstone Drit a1 sov<*ral plaof*s anainfl Drook and !»* I bo -“Ulii 
of VVolsinidiain. In sonu’ pkna-s it is a tnu* penri! iMiii-'f or >»■!*-» ir-ff 
portions are. usetl for tlu* ruamifaeture of ^iIi^a brioiv- and for 
pug ganiHt4U‘. 

In Snrth a poor cpiality <»f gani'^tor lios fip' 

Lower Mountain Mint* < oal. whieh is ^•^pIt\■■a!eI^f !»» ! lie Alf**ii » »al 
of \b>rksfiire. It is used for tlie Haine purpoM*^ !iaiii'4of I lif' 
VVariudeii ntek, whioli liirs abovr tho .Miiio rnal and 

in th(‘ Aeeringtoii distrirt. may be ustdnl for siiioa brick-^, and wlaai 
ground fornis a snbstituti* for ifani^tlor. Sninr of lb** ’uliofoiis 

Hanfist^uies of the Millstone (d‘it in, Lanc’iishire ami arp 

eruHlu'd for mouldinu sand ami sand for foroo furnarov* 

In Hrotlfnifl two silii'eous satidstones ormr aboir tli»* Liin*' 
(kial at Byretiurn (Duitifriessliiref and appear to bo suifabk^ f«ir 
hrieks, furnaei* hi^arths, am! possibly for gla.ss mannfartiire 
In frrlatifl a soft cTeaui ec»Ioiired sandstone lilttaii It tlin k 

occurs in Uie Lower t ’arboniftu'ons Samlstom* Seri*’s iibtivr llie 

Main Doal of the Ballyeastle faiallield. The l(»\rer portion r? 
cruHh{»(L ami in UHC‘d for fiininee linings and for glass iis;iluiig Tim 
upp(*r portion of the beds eontains shale bamls and fliendrtre, 
of I(*HH(vr value. 

The Middle Coal Measures tainsisi of grey shales am! Manfl’--ioiif‘H 
with HeaniH of eoal, firecdny. ami ironstone. The greatest thn kiie^ s 
is in North 8ta fiord shire. Some of tlu* sandstones are retb 

The Hiliea roekn ami samlstoneH in these measure?* oei iir in 
(Jinnh(‘rlamL Derbyshire, Shropshire, and Dornal in South Stafforil 
shirt*. 

In (Uirnhvrland there art* no Irm* ganisters. lint ^evi'ral ?dlirii 
rocks occur in assoeiaticm with th«* (‘lifton Little Main r*iiil at 
Branthwaitc*. and Flimby. At. Branthvvaite the erop out 

from bc*neath the (.iverlyiiig ghu’ial df*poHits, wIuIhI at- Fliiiil»y they 
lie h(‘nc*ath a lH*d of 4 ft. of fireelay whieh oeetirs iiiuiaaiiiilely 
un(lc*r tin* Littles Main Coal. At Workington flte gitnisfer oer'iir^% 
beneath the und<*relay c>f the fireclay coah wdiirh is at«iiii Ait ff , 
below* the Little .Main hc<i. Tliesi* .siliea rocks ari» eliiefly ii?-rd 
for silica t>n<’kH ami as a suhstitiite for ganister. 

In DerhyMkirv the* silica rni’ks in tlie Middle Coid Mea-aire^ .ar»- 
workcwl at kiddings. to the north of Ambergatc*, wdiere Ihey oreur 
as a fim*“grahie<l (..juartyatH* above* the laptfui Fiiriiiiee or l#tw 
Main (kial, and an* it.sial, togeth<‘r with Derliysliire g«iii.i%ter .Mitiid," 
for the manufa(*ture of silica bricks. 

In HhnrpHhlrf* the K(»tk‘y sandst(,>ne in the Middle t oid 
is asHoeiated with the .Fungous (V»al at Ked-ley, where it in tmni 
for silica bricks and as sand for rc*Iu*ating furnaces. 
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In South Staffordshire is a white or yellowish stone, known 
locally as '' Gornal stone,” which is worked at Upper Gornal, 
near Dudley. The stone is ground and used for “ cupola sand.” 
The finest grades are sold as best white sand ” for gasworks 
and for use as scouring sand. At the base of the Gornal stone is 
a so-called ganister, which is ground and used for wall -plastering 
and for lining blast furnaces. 

The Upper Coal Measures are composed of sandstones, fireclays, 
and bituminous shales, and seams of ironstone, coal, and limestone 
frequently occur in them. They are best developed in the Bristol 
and Somerset coalfield, but they also occur in the Midlands. No 
sands or sand rocks of any commercial importance occur in the 
formation. 


PERMIAN SYSTEM 

The Permian System consists of red sandstones, marl, magnesian 
limestone, and yellow sands. Their distribution is not well defined, 
except in North and Central England, East Durham, Central 
Yorkshire, Nottingham, and Shrewsbury, where the formation 
runs in an almost straight line from Tynemouth to Nottingham 
and the magnesian limestone is j)r eminent. 

The Permian Sandstones are very irregularly distributed. 
They consist chiefly of reddish sandstone, of mottled, purple, 
yellow, green, and brown shales. The magnesian limestone yields 
calcareous flagstones. The lowest Permian beds consist of a very 
variable series of sandstones, sands, and claj^s of various colours, 
irregular thiclmess, and great diversity of character. The Lower 
Permian yellow sands are often quite incoherent, but are frequently 
too deeply iron-stained and calcareous along their outcrops to be 
of much value, though they may be used for some purposes. 

A somewhat important area occurs in South Cumberland, and 
extends from Wreay to Penrith, Appleby, and Kirkby Stephen. 
A narrow strip runs irregularly along the eastern edge of the 
Durham coalfield from South Shields to Shincliffe. A small area 
occurs near Thornton in Yorkshire, another near Clitheroe, and 
various irregular strips near Leigh (Lancs.) and north and east 
of Manchester, extending through Stockport to the Macclesfield 
Canal. 

In North Derbyshire the quicksands at the base of the Permian 
beds — which are about 20 ft. thick — are used for building sand 
from pits at Barlborough and Pebley Pond. At Red Hill and 
Cresswell the sandy beds of the Middle Permian marl have been 
tried. At Barlborough the sand is sufficiently cohesive to be 
tunnelled from beneath the overlying clays and to stand firmly 
in the roofs and walls of old workings. 

The base of the Permian beds, from Clowne towards the York- 
shire border, consists of semi-incoherent sands, which rej)lace the 
breccia in the corresponding position farther south. These sands 
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consist cliiefly of rather fine-grained quartz sand of a pale yellow 
colour, sometimes orange and red in patches, and having the con- 
sistency of a soft sand rock which is easily crushed ; in places 
they are indurated with calcite, and occasionally studded with 
rusty brown pellets about | in. in diameter and cemented by iron 
oxide. The beds, which are variable in thickness and often cross - 
bedded, are much obscured by overlying clays. 

Numerous and irregular small areas occur in Shropshire, notably 
(1) around Shrewsbiny, (2) north of Oswestry to Gresford, (3) south 
of Newport to near Kidderminster, and (4) east of Market Drayton. 
Similar irregularly shaped areas lie around the South Staffordshire 
coalfield, particularly between Shareshill, Wolverhampton, Stour- 
bridge, Lickey Hill, and West Bromwich. A relatively large area 
extends from Kenilworth to near Atherstone, with unimportant 
outliers to the north and west. 

The southernmost area of Permian sandstone extends irregularly 
from Nether Stowey in Somerset, through Tiverton and Exeter 
to Torquay, with a westward branch from Silverton to Exbourne. 


TRIASSIC SYSTEM 

The Triassic system was at one time included, together with 
the Permian system, under the general title of ‘‘ New Red Sand- 
stone,” but is better considered separately. The Trias beds of 
Great Britain may be divided into three distinct sections as in 
Table V. 


Table V. — Triassic System 

1. Rhaetic Shales and limestone. 

2. Upper Trias or Keuper . . New Red marls and waterstones. 

3. Bnnter Sandstone . . . Upper Mottled Sandstone, Middle Pebble 

bed, and Lower Mottled Sandstone. 

Both the Bunter and Keuper series indicate sea and desert 
conditions, with much wind-drifted material. The Trias marls 
were probably formed by a fine dust borne from some arid district 
and deposited in a salt lake, forming marl beds with layers of 
gypsum in between. 

The Rhaetic Beds follow the upper limit of the Keuper beds 
{i.e. between Trias and Lias). They comprise grey marls, black 
shales, and MTiite Lias limestone, and are most developed east 
of Taimton and in the Polden Hills at Sedgemoor. The Somerset- 
shire Rhaetic beds, formed of black shales and White Lias limestone, 
lie under the Lower or Blue Lias, which is extensively quarried 
for stone, lime, and cement. They consist of thin-bedded shales, 
clays, and sandstones. 

A greenish-grey Rhaetic sandstone which occurs at Morriston 
(Glam.) is worked as a material for silica bricks and furnace linings. 
The Keuper Beds consist of clays with thin layers of sandstone. 
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veins and nodules of gypsum, and impersistent beds of rock salt. 
They are chiefly found in Cheshire, but also occur in the Solway 
basin and down towards the Mersey, where they merge into “ that 
broad belt of red sediments which stretches diagonally across the 
whole country from Durham to South Devon.” 

The Keuper Waterstones consist chiefly of soft sandstones, 
which around Higher Bebington, Cheshire, are 30-40 ft. thick, and 
are crushed for use as refractory materials in the iron, steel and 
copper industries and also for bottle glass. The chief disadvantage 
of this material is the clayey substance in it. At Alderley Edge, 
Cheshire, are large tips of sand, derived from the Keuper waterstones 
which have been worked for copper and lead. It might be suitable 
as a sand for bottle glass, though it is remote from glass -making 
areas. 

The Keuper waterstones in Derbyshire are thin, red and greyish 
flags interstratified vdth red marls. They form a flaggy, sandy 
base to the lower part of the Keuper marls and are only a few feet 
thick. 

The Keuper beds extend, with some interruptions, across the 
country from Axmouth and Sidmouth to the mouth of the Tees, 
forming valleys in the south and west of England, the Vale of 
Taunton, and to the east of the Malvern range. The beds extend 
over the eastern half of Nottinghamshire, the west of Lincolnshire, 
and reach into Derbyshire and Staffordshire. 

The uppermost portion of the Keuper beds is widely distributed ; 
it can be traced from the coast of Lancashire to the Bristol Channel, 
and covers a larger area in the Midlands than the rest of the Trias 
and the whole of the Permian Sandstones combined. It also 
occurs at Budleigh Salterton in the south of Devonshire. 

Keuper beds also occur in patches along the west coast of 
Scotland and along the east coast of Ireland. Pebbly sands occur 
near their base in the neighbourhood of Belfast. 

The Bunter or Lower Trias is usually divisible into the Upper 
Mottled Sandstone, a middle bed of conglomerate, and a lower 
bed of Mottled Sandstone. One large tract of this formation extends 
from Annan in Scotland to Longtown and Brampton, thence 
southwards to Brough in Westmorland. This formation also extends 
along the coast from St. Bees to Morecambe Bay, West Hartlepool, 
and Darlington, across the Tees to Northallerton and somewhat 
south of Ripon, where it is divided by more recent deposits, but 
covers an area west and south of York and, in an irregular manner, 
the districts west of Selby and Snaith. 

Between Thorne, Doncaster, and Bawtry, and southwards to 
Nottingham, the Triassic area is broad and important, Retford 
forming its most eastern boundary and Mansfield its most western 
one. The Triassic areas in Derbyshire and Staffordshire are 
irregular — a small one at Morley and another extending from 
Repton-on-Trent through Church Gresley to Nether Seal in 
Leicestershire. 
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The banks of the river Trent present many good sections of 
these strata, as at the junction of the rivers Trent and Soar, where 
they are pierced by the Red Hill tunnel on the Midland Railway ; 
and at Radcliff-on-Trent, where they form picturesque cliffs of 
a red colour. The strata are also exposed to view in many places 
in the vicinity of Nottingham, as in the cutting for the old road 
over Ruddington Hill, in the Colwick cutting of the Nottingham 
and Lincoln Railway, and Goose Wong Road, leading to Mapperly 
Plains. 

A larger area of Bunter Sandstone extends from Keddleston 
to Ashbourne, others around Longton, Whitmore, and Leek being 
equally significant. 

The Triassic area west of the Potteries coalfield, though 
nominally in Staffordshire, is really a portion of the large area 
extending across the northern half of Shropshire, southwards to 
Quatford and northwards to the borders of Cheshire. 

A large area of the Lower Trias extends from the Mersey (New 
Brighton and Warrington) through Chester to Ellesmere in Flint- 
shire. A branch of this lies between Rhyddlan and Ruthin. A 
mnch-extended and irregular area reaches along the west of Lanca- 
shire from Cockerham through Preston and Ormskirk to Liverpool, 
east to Warrington and Manchester, and south to Macclesfield. 
A large area extends from Stafford to Wolverhampton, Stourbridge, 
and Stourport, and another from Lichfield to Birmingham, with 
a small district around Lickey Hill between these two areas. 

The three divisions of the Bunter beds do not persist throughout 
the whole of the areas mentioned, but in places are very thin or 
wholly absent, whilst other portions may be well developed. 

The Bunter pebble beds are light yellow, coarse-grained sand- 
stones with scattered, well-rounded pebbles of quartz or other 
rocks. In places they change to a light-coloured grey sandstone, 
with bands and lenticles of conglomerate and occasionally a few 
pebbles. The stone rarely has a reddish tinge and sometimes 
has a mottled appearance on the weathered surface. 

The Lower Mottled Sandstone consists of bright red or crimson 
sandstones blotched with brown or yellow patches and free from 
rounded pebbles. In places it varies from smooth well-bonded 
red deposits to a coarser and paler red material which gradually 
changes into the Bunter pebble beds. The beds are impersistent 
along the southern edge of the Notts and Derby coalfield and 
.contain lenticles of breccia and thin partings of red marl. It is 
frequently absent. In Derbyshire it is just over 100 ft. thick, 
the upper bed consisting of fine-grained red sandstone containing 
some clay or marl. The lower beds are more marly, and at the 
base thin lenticles of red marl alternate with soft fine-grained 
materials. The yellow mottling is rarely present here, but is seen 
at Nottingham. 

The Bunter beds yield various valuable commercial sands, 
particularly moulding sands, which are worked in many parts of 
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the area in which Bunter sands are available, but especially in 
the Potteries, Nottinghamshire, and Yorkshire. 

Upper Bunter sands are worked for moulding sands at 
Birmingham Cemetery, where the face is 70-80 ft. thick, being 
capped by only a very small amount of inferior sand which is used 
for building purposes. These beds are also worked between 
Stourbridge and Wolverhampton and in Worcestershire, near 
Kidderminster and Stourport, for red moulding sand. Other 
Upper Bunter sands are largely used for building purposes. 

Some of the Bunter pebble beds have been used for building 
sand and the pebbly bands have been screened for gravel. At 
Bawtry in Yorkshire they have been used for making silica bricks, 
the material being carefully picked before use. 

Lower Bunter sands in Yorkshire are worked for moulding 
sand at Armthorpe, Bawtry, Burghwallis, Doncaster, Heck, Hensall, 
Snaith, and Whiteley Bridge. At the four last-mentioned places 
around Selby the sands occur beneath the glacial beds. In 
Nottinghamshire they are worked at Hempshill, Lenton, Mansfield, 
Nottingham, Sutton Junction, and Worksop. The Mansfield and 
Worksop deposits are amongst the most famous in the country. 
At Mansfield the beds are 60-70 ft. thick, the upper 30 ft. or more 
being used as pig-bed sand, whilst the lower 16-30 ft. consists of 
a soft brick-red sand which is well Imown as the Mansfield moulding 
sand. At Worksop the beds are 20-35 ft. thick, the bulk being 
used as moulding sands ; but some of the lower parts are very 
pure and are used for glass-making, and are also used for the hearths 
of open-hearth furnaces. Some of the inferior Worksop sand is 
used in the building industry. 

In Lancashire the Lower Bunter beds are worked as moulding 
sand at Ormskirk, where they are 70-80 ft. thick, and in Cheshire 
they are worked at Runcorn from beneath the boulder clay, the 
deep-red sand obtained being used chiefly as a pig-bed sand. 

In Staffordshire, Lower Bunter beds are worked at Wolver- 
hampton, where they are especially fine, and are used largely for 
brass casting, and at Compton and Wombourne. Some of the 
South Staffordshire beds have also been used as a siliceous ingredient 
of firebricks. 

Bunter moulding sands are also worked in beds about 30 ft. 
thick between sandstones at How Mill in Cumberland. 

The famous Belfstst sands are of Bunter Age and are worked 
at various places in the vicinity of Belfast for moulding purposes. 


JURASSIC SYSTEM 

The Jurassic system includes the Lias and Oolite formations, 
the former being of marine origin and the latter mainly lacustrine 
or estuarine. It includes a great variety of limestones, sandstones, 
marls, shales, and clays lying betw'een the New Red Sandstone 
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districts ; one of the largest extends from Audlem to near Wem 
(Shropshire), and another, rather smaller, occupies the Welsh 
coast from St. Brides to near Cardiff. 

The Lias of the North of Scotland consists in some parts of 
dark-coloured unctuous clays, in others of greyish black sandstone 
so fine as to resemble an indurated clay, or of beds of black fissile 
shale alternating with bands of coarse, impure limestone and studded 
with limestone nodules. These deposits are of little importance 
so far as sand and sand rocks are concerned, there being only a 
few beds of a sandy nature of little practical value. 

The Middle Lias is mainly composed of sand and shales overlain 
with limestone, and around Trome the Lias contains a variety 
of brick earths, sands, etc., but the sand in these beds is seldom 
used separately, as it cannot be separated on a large scale at a 
commercially profitable rate. 

The Oolite 

The Oolitic Rocks consist of limestone, grits, conglomerates, 
sands, and clays (often limey), and form a broad belt above the 
Lias from Dorset into Yorkshire. They are stratified as shown 
on p. 56. 

The Purbeck Beds consist chiefly of shelly limestone, clays, 
and shales, with occasional sandy layers. These appear in various 
places between Swanage and St. Alban’s Head. The Purbeck 
strata outcrop alongside the Portland beds in Dorset, in the Vale 
of Wardour in Wiltshire, at Swindon, and on to Aylesbury. They 
lie immediately below the Wealden deposits. The Hastings sands 
appear immediately above them. 

The Portland Beds consist of a series of sands, sometimes 
glauconitic, and concretionary sandstones and clays, succeeded by 
massive oolites and freestones, with chert and occasional beds of 
clay. Unfortunately, the purer sands in these deposits occur in 
relatively thin beds, much overlain by other deposits of small 
commercial value. 

This formation extends from Durleston Head to St. Albans’ 
Head and forms most of the Isle of Portland. It also occurs near 
Weymouth. In the Vale of Wardour, in Wiltshire, and continuing 
towards Oxford and Aylesbury, the beds consist chiefly of calcareous 
sandstone. At Shot over in Oxfordshire the beds are about 60 ft. 
thick and form large blocks of concretionary sandstone. The 
Portland beds are usually rather impure, and generally of a grey 
or brown colour. Below the Portland beds and above the Kimmeridge 
clays are the Shotover sands, which are not of any particular com- 
mercial value on account of the large proportion of lime and iron 
compounds in them. 

The Kimmeridge Glay contains no sand beds of much commercial 
value. 

The Corallian Rag consists largely of marine oolitic limestones, 
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marls, Coral Rag, calcareous sandstones, and sands which extend 
from Weymouth to Oxford, where it changes to a clay and con- 
tinues northwards into Yorkshire, where the sandstones are again 
developed. Beyond Aldeburgh the upper part of the Red Corallian 
Rag passes into a shelly sand and gravel which extends between 
Dunwich and Northwich and Weybourne. 

A greyish-white, partially decomposed sandstone belonging to 
the Corallian beds occurs in association with coal and oil shale 
at Brora (Scotland) and is suitable for refractory purposes, though 
the problem of transportation is difficult. The Corallian sands 
are chiefly clayey and calcareous, and are of inferior quality. 

The Oxford Clay consists chiefly of stifi clays and shales, but 
at the base of this formation are shelly sandstones, sands, and 
loams comprising the Kellaways beds, which extend from Weymouth 
through Wiltshire to Bedfordshire, Lincolnshire, and Yorkshire, 
and also at Uig in the Isle of Skye. Near Bedford and in Lincoln- 
shire the sandy Kellaways beds are well developed. The sands 
in the formation are very irregular and were apparently laid down 
in comparatively shallow water, in contradistinction to the clays, 
which are of deep-water origin. 

At Burythorpe, near Malton (Yorks.), the Kellaways beds 
consist of cream or pale-brown sands 8-10 ft. thick, and very 
similar to those of the Inferior Oolite. The best qualities are 
suitable for bottle glass, and after some purification they may be 
used for glass of better quality. Similar, though less valuable, 
deposits occur in the same formation at South Cave and Newbald. 
At South Cave, Estuarine sands occur, and the two beds are mixed 
and used for moulding sand. 

The Lower Oolite extends from Saltburn, on the Yorkshire 
coast, over the York moors and southwards to Acklam. After 
a gap of some twenty miles a fresh area occurs at Newbald, near 
Beverley, and continues directly southwards across the Humber 
through Lincolnshire (Sleaford being its most easterly point in 
this county), through the east of Rutlandshire to Peterborough 
and south-east through Northamptonshire (where it is much broken 
up by Lias) and skirting Oundle and Thrapston in Huntingdonshire. 
This formation also extends across North Oxfordshire, the east 
•and south-east of Gloucestershire, north-west Wiltshire to Bath 
and the Cotswold Hills, and southwards through east Somersetshire 
to the Dorset coast at Burton Bradstock. The sands in this 
formation are for the most part too calcareous to be of much value 
as a commercial material. 

The Upper beds of the Lower Oolite series, including the 
Cornbrash and Forest Marble, consist chiefly of limestones with 
occasional beds of clay and sand. The beds crop out from Temple- 
combe by Wincanton to Frome ; at Charterhouse Hinton sands 
with white masses of hard sandstone occur. Sandy beds also 
occur in the Forest Marble of Wiltshire at Carsham and Malmesbury. 
In some parts of Dorsetshire the Forest Marble passes into multi- 
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coloured clays and sands. Most of the sands of these u|)|)er l)ods 
are of small commercial value. 

The Great Oolite, which lies below the Forest Mai’blo, coinpriscss 
an Upper Estuarine series of coloured clays, sands, shelly limestones 
and calcareous clays, but it is very irregular. It crops out along- 
side the Forest Marble from Tcmplecoinbe by Wincanton to Frome. 

Various sand beds occur in the Upper Estuarine Sor‘i(%s in 
Oxfordshire and in the Great Oolite Olay, which series extends 
through Bedfordshire and Northamptonshire into Lincolnshire and 
Yorkshire. 

The most important of these arc the Northampton Sands, which 
consist of a series of sandy and ferruginous beds with some calcareous 
bands rarely more than 100 ft. thick. In the lower part of these 
sands the Northamptonshire iron ore occurs. It is a hard, dark- 
greenish-grey iron carbonate with grains of quartz and oolitic 
grains, the whole weathering into the brown ferric hydroxide 
(limonite). 

At Denford, Corby, Warsford, Apethorpe, Blatherwyke, etc. 
(in Northamptonshire) the Estuarine sands are worked for use 
in steel works and, to a small extent, for glass manufacture. 
Similar sands of inferior cpiality occur at Tadmorton, near Banbui‘y, 
where the beds, IG ft. thick, are associated with peat. 

At Huttons Am bo, near* Mai ton (Yorks.), thc^ Upper Estuarluci 
beds consist of grey and yellow sands, with grey (.*alc;arcu)us layers. 
They are used for steel casting. The lower beds are mueJi ])urer 
than the upper ones, and may also be used for the best qualities 
of glass, including optical glass, and for the hearths of o|)cm-hear’th 
furnaces. At Sancton the sands are white, but very micaceous. 

As a general rule the Estuarine sands are not very ])uro and 
are frequently rather calcareous, but, as shown above, sonu^ of 
them are of considerable value. 

The Fullers’ Earth formation below the Great Oolite cionsists 
of grey clay or marl with beds of soft limestone, but cjontains no 
sand of commercial value. 

The Inferior Oolite, consisting of sands with overlying limestoncis, 
extends from Burton Bradstock and J3ridgei)ort to Yciovil, Bath, 
Dundry, and the Cotswold Hills. Several beds of sands occur 
in the north-west of Oxfordshire. Thesci sands are usually 
ferruginous and, in some cases, contain a considcsrable j)roportion 
of calcareous matter as well as heavy minerals and fine*, mica. 

The Midford Sands, which belong to this formation, consist 
of a mass of yellow quartzose sands with occasional bands of 
calcareous, concretionary sandvstone, passing, in th(*« Midland 
counties, into a dark-brown ferruginous ami fossilif(u*ous rock. 
They occur in Dorset between Bridgeport and Burton I^radstocdq 
and extend from near Crewkerne by Ham Hill and Yeovil to i^ruton 
and Doulting in Somersetshire. These sands cay) the. hills of the 
Glastonbury Tor and Brent Knoll. Their thickmnss varies (;on- 
siderably in different localities ; it is nearly 200 ft. on the coast 
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at Bridport and 150 ft. in Somersetshire, but decreases to 20-30 ft. 
in Gloucestershire ; farther north the Midford sands are seldom 
more than a few feet in thickness. Some of the Midford sands are 
exceptionally fine and might almost be termed '' dusts.” 


CHALK OR CRETACEOUS SYSTEM 

The Chalk or Cretaceous system comprises the Hastings sands, 
Wealden beds, Greensands, and various chalk deposits. The beds 
are divided into two groups according to their mode of origin, the 
Wealden beds and Hastings Sands (fluviatile) being formed in a delta, 
whilst the Chalk and Greensands formations as well as the Speefcorx 
clay are of marine origin. The Punfield beds, which are classified 
under the Wealden, are really of marine origin but have become 
mixed with chalk in the beds formed by fluviatile action. It is 
probable that the great Wealden river or delta was in process of 
formation at the same time as the marine fossils of the Lower 
Chalk were being deposited in other areas. As the sea advanced 
this delta was also submerged, so that whilst the fluviatile deposits 
must be older than the marine ones above them, the two kinds 
of deposits were to some extent contemporary. The Marine or 
Neocomian deposits extend down to the Jurassic rocks at Speeton 
in Yorkshire, but in the south of England only the upper division 
appears, and lies above the Wealden series, indicating the gradual 
submergence of the Wealden delta beneath the sea. 

The Wealden Beds lie immediately above and may be said to 
form part of the upper portion of the Oolite formation, being 
separated usually from the Purbeck beds by the Hastings sands. 
They are characteristically fluviatile in origin, and probably formed 
the delta extending in an easterly and westerly direction for at 
least 200 miles and north and south for 100 miles, but the present 
visible area is far smaller than this owing to the superposition of 
later formations — chiefly chalk. The chief Wealden area commenceB 
north of IMidhurst, and extends in a north-eastwards direction 
through Surrey, and eastwards through Kent to the borders of 
Romney Marsh and Hythe and south-eastwards through Sussex 
to Eastbourne. The beds also form a large vale below the Lower 
Greensand scarp of Leith Hill and Hindhead (Surrey), extending 
to the north, west, and south of Ashdown Forest. 

Wealden beds, consisting of alternate clays and sands, also 
occur in the Vale of Wardour (Wilts.), and in Berkshire, Oxfordshire, 
Buckinghamshire, Bedfordshire, and Cambridge, but are of small 
commercial value. 

In the Isle of Wight alternating layers of Wealden sands and 
clays occur on the southern portion of the island, and on the main- 
land they fringe the bay north of Swanage and round Lulworth. 

The Wealden beds consist of — 

(1) Punfield beds, containing a little chalk. 
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(2) Weald Clay, consisting of thick blue clays and brown shales, 
septaria of argillaceous. ironstone, and beds of shelly limestone. 

The Hastings beds, which occur immediately below and occupy 
the elevated ground in the Weald at Trowbridge, Tunbridge Wells, 
Crowborough, Ashdown, Mayfield, Heathfield, and Hastings, 
consist of — 

(1) Tunbridge Wells sands, about 200 ft. thick, which occur 
in the neighbourhood of the town of that name and are used in 
the manufacture of tiles and facing bricks in conjunction with 
the local clay deposits. They are very similar in character to the 
Ashdown sand beds. 

(2) Wadliurst day, 150 ft. thick, which is used in the manu- 
facture of common bricks. 

(3) Ashdown sands, about 150 ft. thick, which consist of a soft 
buff or white sand and sandstone. 

(4) Fairlight day is about 360 ft. thick, and is similar to the 
Purbeck clays beneath. 

The Lower Beds of the Wealden, including the Ashdown and 
Tunbridge sands, are often cemented by calcareous and ferruginous 
matter, so that they are not usually of great value. Some of the 
purer Ashdown sands near Hastings and Rotherfield, and the 
Tunbridge Wells sands at Tunbridge Wells, East Grinstead, Mayfield, 
and East Hoathby, have been used for glass manufacture. On 
the coast the Ashdown sands (associated with lignite) are exposed 
in the cliffs above the Fairlight clays and form a ridge extending 
2-3 miles overlooking Hastings ; parts are very pure and are suitable 
for glass manufacture. Similar deposits in the same formation 
occur at Bulverhyth, where the thin sands are covered by about 
30 ft. of sands, silt, and clay, but crop out at the surface not far 
distant, where, however, they are less pure. 

At Ashurstwood, near .East Grinstead, the Tunbridge Wells 
sands forms a soft sandstone which is, in some places, somewhat 
ferruginous, but other portions are quite pure and are suitable 
for glass manufacture. 

The Greensand formation is one of the most important sand- 
bearing deposits in the country and lies above the Wealden. It 
consists of two beds, named respectively Upper and Lower Green- 
sand, separated bv Gault clay. The sand beds occur as shown 
in Table WI. 

Table VII. — Greensand Formation 

Upper Greensand . Greenish -grey and brown sand and chert. 

Gault .... Stiff bine clay with septaria nodules. 

Lower Greensand . Green and brown sands with pebbles, beds of gault, 
chert, and limestone (Kentish rag) divided into — 
Folkestone beds. 

Sandgate beds. 

Hythe beds. 

Atherfileld clay. 
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The beds are typically of marine origin and were formed in 
shallow seas after the subsidence of the Weald. As submergence 
increased, the beds passed into a fine soft white limestone Imown 
as chalk. The Greensand formation takes its name from the 
green grains of the glauconite (iron silicate) which they contain. 
The name is, however, misleading, as the general colour of these 
sands is dark brown. 

The Upper Greensand Beds are not so important as those occurring 
at the base of the formation, being less pure and more indurated. 
They extend over a considerable area in the Isle of Wight, Wiltshire, 
and Kent. 

In Kent there is a thin outcrop of Upper Greensand fringing 
the northern boundary of the Lower Greensand, extending from 
Westerham to the coast. The beds consist of light-coloured 
quartzose sands and soft sandstones calcareous and glauconiferous 
in parts. In East Kent the Upper Greensand is only about 15 ft. 
thick ; near Godstone and Merstham it is 25-30 ft. and forms 
a soft white sandstone. In the western parts of the Weald the 
beds are thicker but contain clay. 

In the Isle of Wight the Upper Greensand attains a thickness 
of about 150 ft. At Didcot in Berkshire it is about 100 ft. thick 
and consists of an upper bed of Hght sand with a lower bed of dark 
green sand and a still lower one of hard sandstones with cherty 
beds. 

Near Devizes it is 150 ft. or more thick, but far from pure. 

Upper Greensand beds also occur at Penselwood and Chard in 
Somersetshire, and outcrop along the foot of the Chiltern Hills. 

The Upper Greensand outcrops near Kingsclere, and appears also 
from Alton to Petersfield on the borders of Surrey. 

The Lower Greensand Beds are of great importance and are 
largely employed, especially in the manufacture of glass, on account 
of their purity. They vary greatly in thickness, but the average is — 


Folkestone beds . . . 150 ft. 

Sandgate beds . . . 90 ,, 

Hythe beds .... 200 ,, 

Atherfield clay . , . 40 ,, 


In the Isle of Wight they are up to 800 ft. thick, but thin off to 
the west and north-west over older strata. In the south of England 
the Lower Greensand is chiefly found in Surrey and north-west 
and south-west Sussex. 

The Folkestone beds consist of light-coloured quartzose sands 
often full of sponge spicules with seams of chert and beds of grit. 
In mid-Kent the chert beds are more pronounced. To the west 
the beds are more ferruginous and the thick sands contain irregular 
beds of compact iron-sandstone and ironstone -grit, as in the sand- 
hills around Haslemere and Petersfield. 

The Folkestone beds near Godstone (Surrey) are rather irregular 
and ferruginous, and are subject to large variations in different parts 


LOWER GREElSrSAND 


63 


of the beds. Some portions are sufficiently pure to be employed 
for glass manufacture and for lining open-hearth furnaces, but the 
bulk is used as building sand and for agricultural and scouring 
purposes. 

To the east of Godstone around Oxted and Limpsfield the 
Folkestone sands become rather coarse and ferruginous, and are 
suitable for commoner glass-ware and for open-hearth furnace 
linings. At Reigate (Surrey) they are purer than round Godstone 
and are more regular, though some calcareous material occurs in 
them. The beds in some places are 40 ft. thick, but are also 
covered by very thick beds of overburden which render them 
difficult of access. The sand is used for glass manufacture. Similar 
though less valuable deposits occur also at Westerham. In Sussex 
the beds extend from Midhurst to Petworth, Eittleworth, Pul- 
borough, Storrington, Hassock’s Gate, Ringmer, and north of 
Eastbourne. 

In Kent the Lower Greensand extends from the south of 
Sevenoaks by Ashford to Hythe and Sandgate, the uppermost beds 
belonging to the Folkestone series. At Aylesford the Folkestone 
beds consist of pale grey or cream-coloured sands sloping in a 
northerly direction. They are contaminated, to some extent, by 
chalky matter, but the better qualities are used for glass of various 
kinds, and are suitable for lining open-hearth furnaces. At 
Hollingbourne and Berstead the same beds are also worked for 
glass sand for use in bottle manufacture. 

The Kent beds are similar to those at Godstone and Reigate in 
Surrey, the sands occurring in caves as at the last-mentioned place. 
The lower beds consist of the Sandgate and Hythe beds, the latter 
containing soft layers of sand or hassocks.” 

Several isolated areas occur in Oxfordshire, one at Cliddesden, 
one three miles south of Oxford, and another at Kuneham Park ; 
the main mass extends in a thin strip from Shellingford to near 
Devizes. On Shotover Hill the beds overlie the Portland series, 
and near Oxford the sand beds are mixed with ochre and fullers’ 
earth. At the base of the Greensand at Seend and Devizes (Wilt- 
shire) is a bed of pisolitic iron ore 10-12 ft. thick, which is quite 
loose and friable and resembles a sand. The ore at the former 
place is used as a source of iron, whilst some of the sand is used as 
a moulding sand. 

In Hampshire the Lower Greensand occurs at Petersfield and 
extends in a north-west direction along the London and South- 
Western Railway to Guildford and thence almost due east to 
Maidstone and via Ashford to Hythe. Another area extends 
southwards from Petersfield via Midhurst to near Eastbourne. 

The southern half of the Isle of Wight is largely composed of 
Lower Greensand, which is in parts (particularly near Ventnor and 
Chale) overlain by Upper Greensand and Gault. 

The Isle of Purbeck contains isolated deposits of Lower 
Greensand. 
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The Lower Greensand occurs in the north of the Chalk area in 
Berkshire and Cambridgeshire. The Faringdon beds are probably 
on the same horizon as the Folkestone beds, but occur only round 
Faringdon (Berks.). They consist of thick, pebbly, ferruginous 
sands partially consolidated and full of sponges, polyzoa, echino- 
derms, mollusca and foraminiferae. The pebbles are com|)OHed 
chiefly of white quartz, but also include quartzite, veinstone, jasper, 
slate, etc., from palaeozoic rocks. 

The Lower Greensand in Norfolk is very different to that in 
South England. At Heacham and Castle Rising the middle portion, 
used for brickmaking, consists of clay with loamy layers and 
ferruginous nodules, but the Carstone above it is a good building 
stone. 

To the south of Leighton Buzzard the Lower Greensand crops 
out beneath the Gault clay and extends north towards Woburn 
and to the north-east towards Ampthill and Biggleswade. The 
hills of Woburn, Apsley Guise, and Ampthill in Bedfordshire consist 
largely of sand belonging to this formation, together with beds of 
fullers’ earth and some boulder clay. The sands of this formation 
largely consist of coarse material, which in places gives way to finer 
beds of cherty gravels and is associated with peaty material. They 
are suitable for a variety of purposes, particularly for filters, con- 
crete making, grinding, etc. The more ferruginous parts of the 
beds are used for building, whilst some parts are used in foundries 
and steelworks. Some of the better qualities of sand are used in 
glass manufacture, and the cherty material is employed in grinding 
plate-glass. At Flitwick the sands are less pure than in the 
immediate neighbourhood of Leighton Buzzard, and can only be 
employed where their purity is not of first importance. 

The Lower Greensand beds also occur at Hunstanton, Sandring- 
ham, Downham Market, and in the neighbourhood of Kings Lynn 
at Middleton and Gayton, the formation occupying a thin strip of 
country on the eastern side of the Wash and comprising the 
Sandringham sands. The outcrop appears above sea level at 
Heacham in the north and extends southwards, becoming broader 
and attaining its greatest breadth between Sandringham and the 
Nar valley. The sand beds are for the most part thick and 
moderately consistent, but rather ferruginous. They consist chiefly 
of fine-grained, sharp siliceous sand of colour varying from pure 
white to bufl or yellow, due to the presence of iron compounds and 
to the decomposition of pyritic nodules. Grey or greenish loamy 
bands occur in various parts of the beds and sometimes make the 
workmg dij0[icult. The upper part of the beds, of a thickness 
var57ing from 30 to 50 ft., is the most valuable and comprises the 
white sands ” of this series. The lower part of the beds consists 
chiefly of green or ferruginous loamy sands containing phosphatic 
nodules and resting on the Kimmeridge clay. 

The Lynn sands are used chiefly for glass-making, but some is 
also used for open-hearth furnaces and other refractory purposes, 
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for inoiilding sand, arid for building. A small amount is also used 
for abrasive purposes. The red sands of the Lynn beds are used 
for making dark-coloured bottles. 

Near Gayton the beds become less pure and more felspathic, and 
are used for inferior glass and also for furnace -hearths. Similar 
beds occur to the north-east of Gayton, and vary from 30 to 40 ft. 
in thickness; they are covered by Glacial Drift, and are used for 
bottle glass. 

The best portions of the Lynn sand are approximately equi- 
valent to the Dutch and Belgian glass -sands imported into this 
country. 

At Hartweel, near Aylesbury, Buckinghamshire, the Lower 
Greensand beds are worked for glass-making. To the west of 
Aylesbury, at Stone, the sand is very pure and white, and occurs 
in a bed about 18 ft. in thickness, the sand being broken by inter- 
stratified seams of peaty and ferruginous material which make 
working somewhat difficult. This sand is largely used in the manu- 
facture of flint glass. The best qualities of sand from Aylesbury in 
Buckinghamshire are equal to, though of less extent than, the 
Fontainebleau sand, and are among the best glass-sands in the 
country. In some places in Buckinghamshire these beds have lost 
their sandy nature and have been cemented into a hard rock. 

To the north the Greensand occupies a long straggling area 
from Grassby and Oaister to Spilsby and Alford in Lincolnshire. 

In Ireland the Hibernian Greensand corresponds to the Lower 
and Middle Chalk beds of England, and consists of green and yellow 
glauconitic sands with beds of grey marl and chert, the sands in 
some places weathering to a red colour These beds vary in thick- 
ness from 10 ft. near Larne to 80 ft. near Belfast. 

The Gault which separates the Upper and Lower Greensands is 
of no importance as a source of sand, as it consists, for the most 
part, of a stiff black or dark blue clay of marine origin. It is 
occasionally sandy and calcareous, and usually contains nodukvs of 
pyrites, marcasite, and phosphate of lime ; layers of greensand and 
septa ria also occur. 

The Chalk formation occupies a large area, particularly in the 
south of England, but it is unimportant as a source of sand, no 
noteworthy amount of commercial sand being obtained from it. 


TERTIARY SYSTEM 

The Tertiary System includes all the materials deposited after 
the (jhalk and before the Glacial Drift. These deposits are usually 
well defined, some being of marine and others of fresh -water origin, 
and of somewhat loose texture. They consist chiefly of clays and 
sands, with sandstones, grits, and marls as accessories. They may 
be arranged as shown in Table VIII. 
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Table VIII. — Tebtiaey System 

Pliocene . 

. Mammaliferous Crag of Norfolk and Suffolk. Bed Crag 
of Norfolk and Suffolk. Coralline Crag. 

Miocene 

Supposed, on palaeontological grounds, not to be repre- 
sented by any of our British strata unless the leaf beds 
of Mull, the lignites of Antrim, and the lignites of Bovey 
Tracey in Devonshire belong to this period. This is 
extremely doubtful. 

Oligocene 

Hamstead Beds, Bembridge Beds, Osborne Beds, Headon 
Beds. 

Eocene 

Barton Beds, Bracklesham Beds, Bagshot Beds, London 
Clay Beds, Oldhaven and Blackheath Beds, Woolwich 
and Beading Beds, Bognor Beds, Thanet Beds. 


In England the Tertiary rocks have suffered no internal change 
from igneous action, though they have been much displaced since 
their formation ; they now chiefly occupy the basins of London and 
Hampshire, and are represented by the steeply inclined strata of 
the Isle of Wight. 

The Eocene strata are very important as a source of sands, 
many of the beds yielding valuable deposits. They may be divided 
into two sections, the Upper and Lower Eocene formations, the 
former containing the Bagshot, Bracklesham, and Barton Beds, and 
the latter the Thanet, Bognor, Woolwich and Reading, Oldhaven 
and Blackheath Beds, and the London Clay. These beds are 
included in the London and Hampshire basins, which commence on 
one side on the northern coast of Suffolk and pursue an irregular 
course in a south-westerly direction through Hertford (St. Albans), 
Essex, Kent, Surrey, and South Middlesex, Buckinghamshire to 
Berkshire (Windsor and Reading), and Hampshire. The beds also 
extend south-east from Charminster (Dorset) and north-east along 
the edge of the Upper Eocene, which lies over them, through Cran- 
bourne, Downton (with an outlier at Salisbury) to Tycherley, then 
south-east through Bishops Waltham, Bursledon, Eareham, Por- 
chester, Portsea, Havant, Chichester, Arundel, and Worthing to 
St. Lancing. Several outliers occur at Seaford. A narrow strip 
(I mile wide) lies across the Isle of Wight from the Needles to Culver 
Cliffs. Commencing with several outliers at Great Bedwin, the 
beds also extend south of Hungerford, eastwards through South 
Berkshire and North Hampshire (with large outliers at Great Pawley, 
Winterbourne, Chieveley, Bradfield, Reading, Mapledurham, Ship- 
lake, and Wargrave) to Windsor, Beaconsfield, with outliers at 
Turville, Taplow, Rickmansworth, Chesham, Abbots Langley, 
St. Albans, Uxbridge, through the greater part of Middlesex to 
Hertford. There are further outliers at Digswell, Dutchworth, 
and Sacombe. 

Almost the whole of Essex, except the coast and the chief 
river valleys, is of this formation, as is also North Kent. In the 
last-named county, however, the main mass ends at Hartford, 
and the remainder consists of a series of irregular areas, all of 
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which are to the north of the railway line from London to 
Canterbury. 

To the north of Essex the formation continues into Suffolk 
through Sudbury, Hadleigh, and Ipswich. South and east of 
Ipswich the formation becomes straggling and much overlain with 
Pliocene deposits, until it ends at Woodbridge and Orford. 

The Thanet Beds consist chiefly of fine sands and clayey sands 
of marine origin, together with lignite, pebbles, coloured clays, 
shingle, and loam, with beds of rolled flint and marine shells. 
They nowhere exceed 60-80 ft. in thickness, and decrease west- 
wards. As their name implies, they are well developed in the 
Isle of Thanet and in the northern part of Kent. In east Kent 
they pass downwards into thin beds of loamy clay, and in some parts 
to a sandy marl. 

At Charlton (Kent) the upper parts of the Thanet beds are 
used for bottle glass, whilst the lower part, which rests on the Chalk 
formation, is worked for the famous Blackfoot ” moulding sand 
(“ Erith sand ”). A similar bed is worked in the vicinity of 
Rochester for use in bottle glass. 

Between Erith and Cra;^ord the beds are rather thin, but they 
become thicker again at St. Mary Cray, where they are heavily 
covered by Woolwich beds. 

In Essex the Thanet beds only occur in the extreme south, 
and in a thin irregular line from Ware to Ipswich. 

Towards the south and west of the London basin the Thanet 
sands become of small importance, the only valuable outliers 
occurring, in Surrey, from the south of Croydon to Beddington 
(where the sand, which is covered with gravel, is used for making 
sand-lime bricks), and to the south-west of Banstead, at Walton- 
on-Hill, Warren Farm, and on Mickleham Downs. In Berkshire 
their place is taken by a loamy deposit, known geologically as the 
“ basement bed ” of the Reading series. 

The Bognor Beds, which occur between the Thanet beds and 
the Woolwich and Reading series, consist chiefly of marine loams, 
and are not of importance as sources of sand, though the sand 
in them is valuable as a constituent of the material used for brick- 
making. 

The Woolwich and Reading Beds comprise a series of coloured 
sands, pebbles, and mottled clays of very irregular character. 
At Reading and in the Hampshire basin they are mainly of fresh- 
water origin, but east of London they also contain estuaro-marine 
remains. They appear to have been deposited by a great river 
discharging into the Eocene sea near Woolwich, the estuary being 
occupied alternately by fresh and salt water. As the beds are 
traced westward they show increasing evidence of fresh-water 
origin, w^hilst eastward they become of an increasingly marine 
nature. These beds are most noticeable in the neighbourhood 
of the towns whose name they bear. The sands and loams of this 
formation are valued as additions to the fat clays from the same 
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beds which are used for the production of high-class tiles and 
terra-cotta. 

The Woolwich and Reading beds consist of : 

(1) Alternating layers of sand and grey clay rich in fossil 

remains. 

(2) False-bedded sands rich in marine fossils. 

(3) Reddish mottled plastic clays devoid of fossils. 

The Woolwich beds are far less extensive than the Reading 
beds, and whilst well developed at Charlton, near ('hisk^hiu’st, 
and Upnor, near Rochester, they are not found farther vvest than 
Croydon. Eastwards they develop into the Oldhaven-i-Jlaeklu^ath 
series, and are thickly covered with buff and white sands. 

Over the whole of Middlesex, Reading beds occur beneath the 
London clay. 

In Suffolk the Reading beds consisting of fine sands and loanis 
are valued in brick-making, being mixed with the highly ])lastic 
London clay, and in some cases used alone. The buff ji(‘ading 
sands of Norfolk and Suffolk and Essex have been sugge^stcid for 
glass-making, but have not as yet been used for this j)urf)ose to 
any great extent. 

Between North Mimms and Hatfield Park the Reading b(‘ds 
are about 23 ft. thick, and are covered by 7 ft. of loam, 20 ft. of 
London clay, and several feet of gravel. Between Aldenhain and 
Radlett the" beds are sandy and laminated. Near Rickmansworth, 
Watford, Hatfield, and Hertford the Reading beds overlie the (^halk. 
In some places the sand and pebble beds are cemented into a har*d 
rock. Between Rickmansworth and Harefield the Reading IxhIs 
lie on the higher ground, though with a straggling outcro]), and 
run northwards on the hill-sides. Near Perry’s and Moor* Park 
there is a large patch of Reading beds (about two and a half miles 
long) which (unlike most of the formation of the district) is cmtirely 
free from a capping of London clay. 

A little farther south, at Harefield, the Reading beds consist 
of 8 ft. of grey loam and 15 ft. of mottled grey and red clay, with 
alternate layers of sand and clay beneath, but the layers vary 
considerably in thickness. 

Somewhat farther west, and immediately south of Amorsham, 
two outliers of Reading beds occur. To the east of Ghalfont 
St. Giles several other outliers of Reading beds again crop out. 
The Reading series is remarkably well developed around 
Beaconsfield, though much covered with gravel in places, except 
in the south, as at Hedsor, Brook End, and near Poyle, and inter- 
mediately at Hickenham. 

Still farther south — ^between Mumford and Edgerley Hill, and 
expanding to both east and west— the Reading beds are extensively 
exposed, and, near Hedgerley, are about 30 ft. thick. 

Reading beds occur to the south-east of Salisbury, round 
Clarendon Hill and Downton and near Great Bedwin, whilst near 
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the New Eorest they are overlain by Bagshot beds. Reading beds 
occur in the north of Hampshire, extending from Earnborough to 
Sil Chester and westwards to Kingsclere. They also occur to the 
south of Winchester. In' the Hampshire basin the sands are 
practically absent, only the clays being present. 

In Sussex the Reading beds which occur at Newhaven and to 
the west of Brighton are concealed by the Coombe rock. 

South of London the Reading beds are covered ; they were 
formerly accessible on the north and west of Croydon, but building 
operations have stopped their use near this town. From a line 
joining Hog’s Back, Merrow Downs, Great and Little Bookham, 
Ashtead, Epsom, and Ewell, the beds run in a southerly direction. 
Near Leatherhead, Ashtead, and Epsom the beds consist chiefly 
of a kind of sandy loam, which is used for gasworks refractory 
materials. There is a large outlier at Knowle Hill and to the south- 
west of Banstead at Walton-on-the-Hill, Warren Farm, and on 
Mickleham Downs the beds overlie the Thanet sands. The 
Woolwich and Reading beds run almost due north and south at 
Epsom, and swell out to a thickness of many feet in one locality, 
yet decrease rapidly in another. At Ewell there is about 20 ft. 
of clay and 10 ft. of sand, but, as already noted, the beds may vary 
considerably in thickness in other parts of the same district. 

In the district round Aldershot the Reading beds crop out in 
a narrow band, running east and west about a mile from Weyburn 
and Tongham. 

In Berkshire the Reading beds usually lie too far below the 
London clay to be available, except for an inlier near Mount 
Scipput to the south of Maidenhead, which brings them to the 
surface, where they consist of light and buff -coloured sands showing 
oblique lamination, with irregular beds and lenticular masses of 
mottled clays. 

The greatest developments of the Reading beds are in the 
immediate neighbourhood of Reading, though their extension 
farther west to Hungerford and Marlborough is important. The 
sands are valuable, and are largely used, together with the clays 
found in the same district, for bricks, tiles, finials, and moulded 
terra-cotta works, etc., the combination forming one of the best 
red-burning materials in the country. The main mass lies to the 
east, west, and south-west of the town, but large outliers occur 
on the chalk downs to the north at Caversham Park, Chause Heath, 
Rotherfield, Peppard, and between Whitchurch and Woodcote. 
Farther to the east of the town of Reading the beds are thicker, 
but of little value. The beds usually have a superficial covering 
of gravel. 

Although the general characters of the different beds are 
tolerably constant, they vary continually within small limits. 
Owing to this great variety each stratum must be kept distinct 
when working these deposits. 

Around Marlborough the Reading beds lie in patches on the 
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highest ridges on the chalk downs, and form the remnants of the 
main Reading beds which once covered the Chalk. In Marlborough 
Forest the beds are too thin and too disturbed to be valuable. 

The Oldhaven and Blackheath Beds form bands of sands and 
pebbles. They occur near Blackheath, Bromley, and near Old- 
haven Gap east of Herne Bay, but are of small commercial 
value. 

The London Clay contains no commercially useful beds of sand, 
but that which is mixed or stratified with it is of considerable 
value in brick-making, the clay alone being much too plastic to 
make satisfactory bricks. In some small areas, as at Watford 
Heath, the London clay overlies 16 ft. of clean sand, and at Harrow 
it is capped by Bagshot sands. 

The Upper Eocene Beds, consisting of the Barton, Bracklesham, 
and Bagshot beds, lie above the London clay, and occupy an area 
from Chertsey and Wey bridge west towards Woking, Aldershot, 
Chobham, Bagshot, Ascot, and Sandhurst, and again between 
Reading, Newbury, and Kingsclere. In the Hampshire basin 
these beds occur over much of the New Forest and west to Wareham, 
and extend in a narrow strip right across the Isle of Wight. These 
beds are chiefly comprised in two large areas : {a) the London 
basin, which is enclosed in a triangle, two of whose sides are formed 
by two lines drawn from a point twenty miles west of Reading, 
one passing through Norwich and the other through Canterbury ; 
(6) the Hampshire basin, which comprises the Isle of Wight and 
a triangular area extending on the north to Salisbury, on the west 
to Dorchester, and east to Newhaven. Unfortunately, the sands 
in this large area are of small commercial value, as the beds are 
small and the sands very impure. 

The Bagshot Beds form the lowest strata of the Upper Eocene 
formation and lie normally above the London clay, but are less 
widely distributed. The main mass of this formation occupies 
a large area bounded by Aldershot, Winchfield, Eversley, Woking- 
ham, Ascot, Chertsey, Weybridge, Woking, and Ash, whilst smaller 
patches occur between Reading, Newbury, and Kingsclere. In the 
Hampshire area the Bagshot sands extend over the New Forest 
and westwards to Wareham, and across to the east of the Isle of 
Wight. The Bagshot beds also occur in the New Forest round 
Bournemouth. Though known as sands, they are rich in clays 
of a loamy character, and the more sandy portions are excellent 
for mixing with the tougher London clay, but have little direct 
commercial value. 

In Essex the Bagshot series are limited to outliers near Brent- 
wood, Rayleigh, east of Epping, Highbeech, Laingdon Hill, and a 
few smaller patches. The outlier extending from north of Rayleigh 
to just south of Hadleigh and south-west to Benfleet is of a very 
irregular shape. Around Hadleigh it is covered with pebbly 
gravel, but the remainder is practically free. 

Bagshot sands form caps to the hills of Harrow, Hamstead, and 
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Highgate. At Finchley and Hendon cappings of bonlder clay, sand, 
and gravel occur. 

In Surrey, to the south of Esher, the Bagshot sands crop out on 
the higher ground, and are valuable deposits, though used only to 
a limited extent. In this district the area they cover is a rough 
triangle, with its apices at Esher, Ockshot Street, and Cobham. 
The Lower Bagshot beds consist chiefly of fine yellow clayey sands, 
with irregular beds of multicoloured clay especially abundant near 
Woking, Horsley, and Egham. They are also well developed to the 
east and south of Weybridge, but are much covered with graveL- 
At St. George’s Hill and Weybridge the Bagshot beds are very pale 
and comparatively pure. It is possible that they might be used 
for glass-making and for the hearths of open-hearth furnaces. 

There is a small outlier of Bagshot sand at Wimbledon. 

The Middle Bagshot beds in this district are less argillaceous, 
the clays being very sandy, and towards Winchfield they gradually 
thin off. They are covered by thick beds of Greensand. The 
Middle Bagshot beds are also prominent on the high ground forming 
St. George’s Hill and Red HilL 

The Bagshot beds are most conspicuous in the district from 
which they derive their name, lying between Ascot and Woking 
and extending north-westwards beyond Bracknell. Here the lower 
beds consist chiefly of a sandy loam which is largely used in brick- 
making. 

Around Aldershot the Lower Bagshot beds run in a north- 
easterly direction and westward to the Horne and Ewshott. To 
the west of Aldershot the Upper Bagshot beds consist largely of 
sand ; the Middle Bagshot beds are well developed to the north- 
east and north-west of Aldershot, beyond an outlier of Upper 
Bagshot sand. The beds consist of alternating layers of thin clay 
and good sand, and extend westwards towards Crookham. At 
Fordingbridge, in West Hampshire, the Bagshot sands are white, 
grey, or coloured, and are associated with peat. White Bagshot 
sands are also worked in the neighbourhood of Lymington and 
Brockenhurst in Hampshire. Near Marlborough, on the extreme 
end of the London basin, Bagshot sands cover the outcrop of 
Reading beds between Oare and Bucldebury. They are more fully 
developed to the south of the river, and consist largely of fusible 
clayey sands. Upper Bagshot beds capped by gravel occur from 
Easthampstead Plain southwards to the further end of Chobham 
Ridge and westwards to Edgeburrow Hill, with three permanent 
outliers — one at Duke’s Hill and the others on Bagshot Heath. 
They contain very little clay except in a few portions where 
sandy “ rubber bricks ” are made. 

South and west of Wokingham the Middle and Lower Bagshot 
beds are also extensive, and the town itself is built on an outlier of 
the latter. The Upper Bagshot beds are very scanty in this 
district. Eastwards towards Windsor the Bagshot beds pass 
gradually into the London clay, and are frequently capped with a 
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stony deposit. The Upper and Middle Bagshot beds are the most 
sandy— the Lower beds containing more clay, including the famous 
Dorset ball clays, which are associated with beds of sand of varying 
thickness. 

Kaolin-bearing sands containing a large amount of tourmaline 
occur, associated with ball clays and lignites, in the Bovey basin, 
Devonshire, where they are worked for refractory purposes. South 
of Torrington in North Devon, clayey sands which occur in associa- 
tion with peaty clay are also worked for refractory purposes. 

The Bracklesham Beds occur on the east and west of the Isle 
of Wight, and consist chiefly of sands, marls, and loams, together 
with lignite beds. They contain no beds of sand of commercial 
importance. At the western end of the Bracklesham beds both 
they and the Lower Bagshot beds are very sandy, and there is little 
to distinguish the two. 

The Barton Beds may belong either to the Eocene or Oligocene 
formation, as there is very little distinction in this country between 
the Eocene and Oligocene beds. They are similar to the Brackles- 
ham beds of the Isle of Wight, and occur extensively as loams in 
Hampshire and north-western Surrey. They are well developed 
between Lymington and Christchurch, near Portsmouth and 
Gosport, round Southampton, and in the Bagshot district. Like 
the Bracklesham beds, they contain few beds of sand of commercial 
importance, but some portions are useful for building and foundry 
work, and at Longtown, near Southampton, the Barton beds (15 ft. 
thick) have been worked for glass sand for many years. 

The Oligocene formation occurs in the north of the Isle of Wight 
and on the Hampshire coast. It consists of fresh -water and marine 
limestones, and clays which are grouped as the Headon, Osborne, 
Bembridge, and Hamstead beds. The Bembridge beds contain 
intervening layers of sand, but they are not of great importance. 
The Osborne series contains various beds of calcareous sands inter- 
stratified between shales and marls, but the formation is very 
irregular and of little value. The Headon beds consist of clays, 
marls, and sands, with occasional beds of limestone and seams of 
lignite. 

In the Headon beds are some very useful sands, the most 
important being the Headon Hill sands which occur in Alum Bay, 
Isle of Wight, and to the south-west of Yarmouth, where they are 
associated with beds of hgnite and contaminated by ferruginous 
matter. These sands have been used for glass-making in the past, 
though not at present. Similar deposits occur on the opposite side 
of the Isle of Wight in Whiteclifi Bay, but they are neither so pure 
nor so useful. 

On the Continent the Upper Oligocene formation near Paris 
yields the famous Fontainebleau sand, which occurs in association 
with lignites. 

The Miocene formation is supposed to be absent from the British 
strata, but on the Continent this formation contains very valuable 
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deposits of sand associated with braunkohle. The famous Lippe 
sand, which is largely used for glass-making and for silica ware, 
belongs to this formation, and occurs at various places in Germany, 
including Dorentrup in Saxony. A similar deposit, known as the 
Hohenbocke sand, occurs at Hohenbocke in Prussia, and is also of 
Miocene age. 

The Pliocene or Crag Series consists of shelly sands and gravels, 
with occasional beds of shallow marine clays interstratified between 
them. It is divided into three portions, as shown in Table IX. 

Table IX. — Pliocene Formation 

A. Mammaliferous Crag of Norfolk and Suffolk. 

{a) Forest Bed of Cromer. 

\h) Wey bourne Crag. 

(c) Chillesford Crag. 

(d) Norwich Crag. 

B. Bed Crag of Norfolk and Suffolk. 

C. Coralline Crag. 

The Coralline Crag consists chiefly of shells and polyzoa in 
calcareous sand, or it may be compact, forming flaggy beds of 
limestone. In some places it passes into indurated beds of cal- 
careous sandstone from which the shells have been for the most 
part dissolved away. 

The Bed Crag consists of a deep ferruginous shelly sand together 
with loam. It contains an abundance of marine shells ; many of 
them have been rolled and comminuted. It occurs at Walton-on- 
the-Naze and over a great part of eastern Suffolk, from Felixstowe 
to Aldeburgh. The upper part of the Red Crag beyond Aldeburgh 
passes into a pale shelly sand and gravel, which, together with newer 
deposits of like character, are grouped as the Norwich Crag series 
or Mammaliferous Crag, which extends from Dunwich to Norwich 
and Wey bourn. 

Pliocene beds also occur in pipes in the Chalk at Lenham and 
other places in the North Downs, in Cromer Forest, and also on the 
coast of Norfolk and Suffolk, but are of no commercial value. 

The Pliocene sands at St. Erth, Cornwall, provide the well- 
known Cornish Red and Cornish Yellow moulding sands, but the 
deposits are of very limited extent and will be worked out in all 
probability within a few years. 

Similar beds, probably of Pliocene age, occur near St. Agnes 
Beacon, Cornwall, the best beds occurring below the red sand and 
'' candle clays.'’ They have been used as refractory materials, but 
the deposits are not of large extent and would soon become 
exhausted if worked commercially. Most of the Pliocene sands of 
this country are very ferruginous and of inferior quality. The 
Belgian sands imported for glass manufacture are chiefly of Pliocene 
age. 
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POST-PLIOCENE SYSTEM 

The Post-Pliocene System consists of — 

(a) Recent deposits. 

(b) Glacial beds. 

The Glacial Beds consist of boulder clay or glacial drift clay, 
sand, gravel, and boulders. They form a “ blanket ’’ over a large 
part of the country, particularly in Northern England, Scotland, 
and Ireland, and are a product of a period known as the Glacial or 
Great Ice Age, when the surface of the land was covered with a 
thick and heavy ice mantle, which in its seaward descent smoothed 
and grooved rocks over which it passed, forming the lower boulder 
clay, whilst masses laden with boulders and gravel from other 
regions were dropped on to the surface and carried by the glaciers 
which flowed over the land. When the glaciers melted they left in 
the form of a deposit the material known as Glacial drift or “ boulder 
clay.” This material varies enormously in composition, but is 
readily recognised by the peculiarly marked boulders and other 
stones found in it. Most of the materials removed are carried away 
at the sides and on the surface of the glacier, and when deposited 
form a long irregular ridge or lateral moraine ; some material falls 
through the ice on to the bed, and, with other material occurring 
there, is termed a moraine profonde; the material deposited at 
the end of a glacier is called a terminal moraine. The drift left by 
the ice sheet usually has an undulating surface with mounds and 
depressions, the latter being the sites of earlier lakes or marshes. 
The mounds are composed chiefly of stones, gravel, and sand, with 
some clay. 

Towards the close of the glacial epoch the deposition of the 
boulder clay ceased and its denudation began. On the low plateaux 
of the eastern counties it is often succeeded by coarse gravels, 
largely composed of flint more or less water -worn. These occasion- 
ally include small intercalations of boulder clay, and have evidently 
been derived from it, and indicate movement by fairly strong 
currents. Similar gravels are found overlying the boulder clay in 
other parts of England, sometimes at great heights above sea-level. 
Occasionally the two are intimately related. Por instance^ a pit 
on the broad, almost level top of Gogmagog Hills, about 200 ft. 
above sea-level and four miles south of Cambridge, shows a current- 
bedded sand and gravel, overlain by a boulder clay, obviously re- 
arranged ; while other pits in the immediate neighbourhood expose 
varieties and mixtures of one or other material. But as true 
boulder clay occurs in the valley below, these gravels must have 
been deposited, and that by rather strong currents, on a hill -top, 
a thing which seems impossible under anything like existing 
conditions. 

Glacial drift is found alike on upland and vale, especially in the 
Midlands ; but farther south its progress appears to have been 
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barred to some extent by the Chiltern Hills, and more definitely by 
Edgehill and the Northern Cotswolds, though there is a large tract 
of boulder clay between Dunmow and Epping, with an apparent 
extension southwards to Hornchurch, where it lies below the 
Thames gravel. This drift covers the greater part of Lancashire 
and Yorkshire ; it is well seen in cliffs at Blackpool, Eiley, and 
Withernsea. The drift above the Lias rocks occupies the eastern 
part of Leicestershire. The drift of the Midlands consists of gravel 
beds and gritty loam. In Yorkshire, beds of sand and gravel 
separate the more clayey portions of the glacial drift. In the north 
of Lincolnshire glacial drift occurs plentifully, with much glacial 
sand. 

Norfolk is largely covered by boulder clay, except in the west ; 
and the same material is scattered irregularly over Suffolk. North- 
east Norfolk has many fertile loams, with lighter lands of sand, 
gravel, and marl. The drift also covers much of Warwickshire 
and most of East Shropshire, but it is absent in Oxfordshire, except 
on the north-eastern border where it joins Buckinghamshire. 

In the Welsh valleys much gravel is mixed with the drift. 

In Scotland the drift is very extensive in Aberdeenshire, 
particularly in the east, where it is frequently more than 100 ft. 
thick. It also occurs extensively in Banffshire, Bute, Caithness, 
Dumfriesshire, Midlothian, Fife, Inverness-shire, Perthshire, and, 
in short, all over Scotland, 

Ireland formed the western boundary of the British glacial 
drift, but also appears to have been the centre of another ice -sheet 
radiating from Fermanagh. The east and central portions of 
Ireland are extensively covered by drift up to 100 ft. and more 
in thickness, which contains very little clay, being almost wholly 
composed of silt, sand, gravel, and stones. The Green Hills or 
“ Eskers ” in the central plain are entirely composed of sand and 
gravel. 

There has been much denudation since the drift was first spread 
over the land, as valleys have been scooped thi'ough it, separating 
it into outlying masses. 

The drift is often divided into two parts, the Upper and Lower. 
The lower drift consists largely of clay containing boulders, with 
little sand and gravel ; whilst the upper beds contain very little 
clay and few boulders,, but consist largely of gravel, sand, and silt. 
These upper beds are probably derived from a rearrangement 
of the lower ones. 

Glacial drift does not pay to treat mechanically in order to 
separate the sand from the other materials. All that can be done 
is to confine the workings to the more sandy portions of the deposit. 
For this reason a large proportion of the drift is of no commercial 
value as a source of sand, but some of it is useful. Thus the 
glacial sands of Lancashire between St. Helens and Ormskirk, 
at Crank, Rookery, Rainford, Kings Moss, Skelmersdale, etc., are 
worked to a depth of about 4 ft. The sands are brownish in colour. 
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and contain much peaty matter ; they are suitable for (;ornnion 
bottle glass and for the production of scouring soaj). 

Fairly pure glacial sands also occur at Carstairs Karnes, imar 
Glasgow, Parrock Hall, north of Barrow-in-Eurness, and at Har’ring- 
ton and Workington (Cumberland) ; they are wor-ked for f>ig-bc‘d 
sand. Glacial sands occur in Durham, forming with various loams 
a bed about 60 ft. thick, the top and bottom portions containing 
the best sand. Glacial sand and gravel forms a low ridge to tlier 
south of Beighton, near Sheffield, where it is worked as moulding 
sand. Similar beds also occur round Mansfield. Small dc^posits 
of commercially useful glacial sand also occur in various otluT 
localities, but are not of great importance. Glacial sands arc* 
worked at Bentham (Yorks.) for moulding sand, and also at lic^ck, 
near Selby, for concrete and building purposes. 

The Bridlington sands occur at the base of the bouldcn* clay 
at Bridlington, and consist of particles of argillaceous grc^cmsands 
somewhat shelly and rather thin. They have apj)arently Ixmui 
detached from an older bed. They have been used as building 
sand, but are not very suitable for this purpose. The glacnal sands 
round Carmarthen are loamy and somewhat micaceous. In colour 
they are yellow, buff, or grey, and contain minerals similar to tin*, 
Lower Pliocene sands of Cornwall. These sands an^ uscxl for 
building purposes. Some of the glacial deposits of Shr()f)Hhir-(‘ 
are worked for moulding sand. Drift deposits of sand and graveds 
and boulder clay partially cover the Lias and New Red Sandstoru^ 
of Warwickshire, the Chalk in Central Norfolk, and also to sonu* 
extent in the west of the county. At Gorleston and otheu* piac(^s 
shells are found in abundance in the sand. They also over-lie 
the Crag Rocks at Kensingland and Pakefield, and to tlu^ north 
of Lowestoft in Suffolk. In Suffolk they also occair at Sudl)urv 
and Ipswich. At the latter place they are worked for st.ec^i- 
moulding sands, and have been suggested by Boswell as suitable! 
for furnace hearths. 

Sands occur in the drift deposits which cover a large*, pai’t of 
Ireland, the sands frequently containing considerable (juantitics 
of marine shells. The manure gravels ” of Wexford bedong to 
this class. 

The Recent or Post-Tertiary deposits include all those which 
have been formed since the drift,” and include th(! products 
formed by the action of the weather on many of the oldtu* rocks. 
They cannot be classified according to their position, but ar(! 
preferably arranged according to the chief agent conccu'ried iu 
their origin, as is done in Table X. 


Table X. — Recent Deposits 

(а) Accumulations of sand, gravel, and alluvial silt in river vallevs. (SiMt 

Alluvium, Chapter III.) 

(б) Terraces of gravel, etc., in valleys, marking former water-levels. High- 

level and low-level gravels. 
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(c) Deposits of sand, silt, shell-beds, and v%etable drift in estuaries, form- 

ing deltas. 

(d) Ancient deltaic deposits, forming alluvial plains, carses, etc., partly of 

fresh -water and partly of marine origin. 

(e) Lacustrine accumulations now in progress. 

(/) Lacustrine or lake silts filling up ancient lakes. 

(0^) Shell and clay marl formed in ancient lake basins. 

(h) Littoral silts, sand-drift, shingle beaches, etc. ; raised or ancient 
beaches ; submerged forests. 

{i) Pelagic or deep-sea deposits and accumulations, as foraminiferal ooze, 
red-clay, burden of icebergs, etc. 

(j) Calcareous deposits, as calc-tuS, travertin, etc. 

(k) Siliceous deposits, as siliceous sinter, etc. 

(l) Saline and sulphurous deposits from hot springs, volcanoes, etc. 

(m) Bituminous exudations, as pitch-lakes and the like. 

(n) Vegetable matter, peat-mosses, jungle growth, vegetable drift. 

(o) Animal matter, shell-beds, coral-reefs, osseous breccia, etc. 

{p) Soils — admixtures of vegetable and animal matters. 

(g) Elevations and depressions caused by earthquakes. 

(r) Displacements produced by volcanic eruption. 

(s) Discharges of lava, scoriae, dust, and other matters. 

(f) Aerial or wind-blown deposits, as the sand-dunes of the Lancashire and 

other coasts, and the material deposited xmder desert conditions. 



The most important sands in these superficial deposits are the 
dune and shore sands. The shore sands of Britain are generally 
rather impure, and vary in colour from pale grey to dark brown. 
The purest are found on the Isle of Jura, which are produced by 
the disintegration of Dalradian quartzites. There are also a 
number of fairly pure shore and dune sands in Ireland, the principal 
ones being at ijrdara (Co. Donegal), Ballycastle (Co. Antrim), 
Coalisland (Lough Neagh), the shores of the river Foyle, Millisle 
(Co. Down), Portrush (Co. Antrim), Rosslare (Co. Wicklow), Sandy- 
mount Strand (Dublin), Silver Strand (near Wicklow), and Sutton 
(near Dublin), whilst other fairly pure dune and shore sands have 
been reported at Montrose, Aberdeen, Culbin, Bamburgh, Hartle- 
pool, Blyth, and Lowestoft. There are many other deposits, too 
numerous to name, of lesser purity which occur all round the coasts 
of Great Britain. 

The dune and shore sands in this country are usually ferruginous 
except where they have been derived from the disintegration of 
some of the purer quartzites or sandstones. The purest dune 
and shore sands are used in some cases for glass -making. The 
Irish sands mentioned above have been used for this purpose, as 
also has the Jura sand. Only inferior qualities of glass, such as 
common bottle glass, can, however, be made from most shore sands, 
though the Jura sand may be suitable for better-class goods. 

The shore sand at Swansea has been used for the hearths of 
copper-smelting furnaces. 

The less pure sands are used for a variety of purposes, including 
building, concrete, etc. 

Some of the shelly shore sands have been used for dressing 
land. Metalliferous shore sands occur in many parts of the world. 
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and are valuable for the minerals they contain. Further informa- 
tion on shore and blown sands will be found under their respective 
headings in the next chapter. 

Many river sands of recent age are dredged for various purposes. 
The Thames sand is used for concrete-making, brick-making, and 
as a moulding sand for casting iron. The sands of many other 
rivers are also used for similar purposes. 


CHAPTER III 


THE CHIEF CHARACTERISTICS OF VARIOUS SANDS 

In this chapter the sands, and rocks from which sands are derived, 
are arranged alphabetically, the characteristics of each material 
being briefly indicated. This arrangement is more convenient 
than any other with regard to many of these materials. 

Abrasive Sands are nsed for grinding and polishing various 
materials. At one time only natural sands were used as abrasives, 
but they have been largely replaced by artificial sands, produced 
by crushing emery, or the various artificial abi*asives such as 
carborundum, corundum, etc. Many of these artificial sands are 
known by trade names. (See also Carhorundum, p. 86, and 
Corundum, p. 93.) 

Abyssal Sands are extensive masses of fine detrital material 
produced originally at great depths in the sea, by one or all of the 
following processes : 

(а) Transport, of material from the land to the sea and deposition 
in the latter. 

(б) Deposition of calcareous, siliceous, and other materials 
(including the dead casts of shellfish, organisms) from sea-water. 

(c) Deposition of material produced by subterranean volcanic 
eruptions, etc., and thrown into the sea. 

The abyssal deposits usually consist of ver^^ minute particles. 
Their composition is extremely variable, though often very constant 
over relatively large areas. Deposits which are at present covered 
by a sufficient depth of water to be correctly termed abyssal ” 
are of no commercial value, as they are almost inaccessible. 

Adobe is a term used for a sandy material, sometimes containing’ 
a considerable proportion of clay, which occurs in the plains and 
basins of the Western States of North America and in some of the 
arid parts of South America, and is very similar to the “ loess ” 
of Europe and Asia. It is probably of fiuviatile origin, though 
possibly partly due to aeolian action. It is not found to any great 
extent in this country. This “ adobe ” should not be confused 
with the adobe used in the counties of Devonshire and Cornwall 
and some parts of Somersetshire for building ; the latter consists 
of a mixture of clay or earth, stones, strawy and hair. 
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Aeolian Sands, see Blown Sands (p. 82). 

Alluvium is a general term used to denote any material derived 
from pre-existing rocks which has been carried by water from its 
place of origin to an estuary or other situation where the reduction 
of the speed of the water permits deposition. Alluvium occurs 
in deltas, mud-flats, and similar deposits, and the particles may 
be of any size from the finest mud to pebbles ; usually, however, 
it consists of a mixture of silt and sand. 

Alluvial deposits occur very extensively in the east of England, 
in Yorkshire, Lincolnshire, Cambridgeshire, and Nottinghamshire ; 
also around the Wash and on the coasts of Suffolk, Essex, Kent, 
and Sussex. To the west they are found in Somersetshire and 
Lancashire, but seldom in Wales, except for a small patch to the 
south of the mouth of the Dovey at Llanefelyn and on the northern 
coast of the Bristol Channel between Portskewet and Cardiff. 

Alluvial deposits are sometimes of considerable depth, those 
in the Thames Valley at Tilbury Docks being nearly 60 ft. deep. 

Alluvium frequently contains calcareous matter, the proportion 
varying in different districts, according to the conditions under 
which the deposit was formed. Many alluvial deposits contain 
metalliferous sands. (See Placers, p. 133, and Gem-sands and 
Gravels, p. 112.) 

The material found in vales filled with glacial drift or boulder 
clay is sometimes termed alluvium, though a closer examination 
will show that it is of glacial origin. Hence the term ‘‘ alluvium ” 
when used by some writers must be understood as referring to 
superficial deposits as distinct from solid beds, rather than to those 
of definitely alluvial origin. 

Ar^nes are sands produced by the decay of various igneous 
rocks, especially basic rocks such as trap-rock, basalt, etc. They 
are slightly hydraulic, and are similar, though far inferior, to 
pozzuolana (p. 136) and trass (p. 165). Table XI. shows the 
composition of some French arenes. 


Table XI. — Chemical Composition of Abenes 



SiOs. 

AI2O3. 

F62O3. 

CaO. 

MgO. 

NagO. 

K2O. 

St. Astier (Vicat) 

38-54 

20-0 

12-0 

8-0 

nd. 

nd. 

nd. 

St. Servan (Vicat) 

42-1 

23-65 

22-47 

trace 


1-28 

Chateaulin (Vicat) 

60-3 

23-7 

10-3 

trace 

2-5 

3-2 


Argillaceous Sand, see Clayey Sand (p. 92). 

Asphaltic Sands contain a varying proportion of asphalt or 
natural bitumen. They occur in various parts of the United 
States associated with the usual mineral impurities found in sands, 
chiefly felspar and mica. They contain usually up to about 20 per 
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cent of asphalt, though some contain up to 60 per cent. They 
occur also in Alberta, Canada, Mexico, Cuba, and Trinidad. In 
Europe they occur at Bastennes, France, and Bikar, Austria. 
In Africa deposits occur in southern Nigeria. They are used in 
the preparation of asphaltic pavements and other bituminous 
coverings. 

Backing Sand is the sand which is used to form the greater 
part of the sand moulds used by foundrymen in casting metal. 
It is “ faced ” with a layer of facing sand so as to secure a smooth 
surface on the castings and to enable the details to be true to the 
desired shape. 

Bagshot Sands are of marine origin, and occur in the upper 
part of the Eocene formation. Their occurrence has been described 
previously (p. 70). The sands vary in colour in different parts 
of the beds from white to grey or brown. They are seldom pure 
white, though the colour is not always a sign of the presence of 
an excessive proportion of iron compounds, as they frequently 
contain carbonaceous and peaty matter, which discolours them 
but is fairly readily removed by washing or burning. 

The proportion of impurities present varies considerably. In 
some cases as much as 24 per cent may be present, but in other 
localities the purer beds are quite low in impurities. In the 
Bagshot sands at Fordingbridge in Hampshire, according to 
Boswell, the impurities only amount to about 1 per cent. The 
minerals present chiefly consist of felspar, ilmenite, leucoxene, 
kyanite, tourmaline, zircon, and rutile. A little flint is also present 
in some cases. 

According to Dick,^ the proportion of the various minerals 
present is approximately as follows : 


Quartz . 
Felspar . 
Iron ores 
Clay . 


75 Zircon . 

20 Rutile . 

2 Tourmaline 

1 Various 


0'5 

0-2 

0-1 

1*2 


The proportion of iron present usually exceeds 2 per cent in 
the more impure beds, but is much smaller in the purer ones. 

The texture of the sands varies considerably in different localities, 
and no general summary can be made. At Fordingbridge, according 
to Boswell, about 88 per cent of the grains are between 0*25 and 
0-5 mm. diameter, whilst the total amount of true sand is about 
99-5 per cent. At Longtown (Hants), however, 90-94 per cent 
of the grains are less than 0-25 mm. diameter, whilst the Lower 
Bagshot sands of the Isle of Wight contain about 76 per cent of 
grains between 0-1 and 0-25 mm. diameter, and only about 8 per 
cent over 0-25 mm. 

The proportion of “ clay ” present varies considerably, the 
range being generally between nil and 5 per cent. 

The Bagshot sands of Fordingbridge are being developed for 

^ Nature, xxxvi. p. 91, 
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the manufacture of glass, and those in tlu^ Isle of Wight }iav(‘^ h(‘en 
used in the past for the samci purpose^ thougli thc^y ar(^ not at pr(\s(‘nt 
worked. Bagshot l)eds are also worked for other purposcNs, such 
as briek-making, building, etc. 

Bann Clay is not a clay but a large (kvposit of diatoma<*(‘ous 
earth occurring in association with p(‘-at in the Bann Vall(‘y, south 
of Lough Beg (Co. Antrim, Ireland). It is non-])lastie., ujul is us(‘d 
in coml>ination with a stiff clay to make hr*ic*ks. I)(‘posits of a 
similar nature to this occur at Gkm. Shira, in Argyllshin^ ; also a, 
little north of Loch Kinnord and in the Isle of Skye. Th(\y should 
be regarded as mnds and not as clays. 

Barton Sands occur in the Upper Bagshot Ix^ds of Boccuu^ 
formation in Hampstiirc and tlu'; north -wc^steuai portion of Surr(‘y. 
Their occ.urrcncc and distribution hav(‘ Ix^cui descrihcxl on p. 72. 

At Longdown, near Southampton, the beds iindudc^ about lo ft. 
of a very lino c-ream -coloured sand containing, ac^corcling to BoHW<dI, 
95 per (tent of silicta and only about Od p(‘r cemt of iron oxi(i(‘. 
On burning, the colour is chang(‘.d to brownish. It consists chi<‘liy 
of grains be^tween 0-1 and 0*25 mm. diamct(u*, and 1-8 p(‘r c(mt 
of “ dust” is present, the total amount of true sand varying frcun 
93 to 98 ])(tr cent. There is about 0*8 per cent of heavy (l(‘tr*ital 
minerals present, including tourmaline, kyanito, ilnumitc^, inagn(‘tit.(% 
limonitc, zircon, and rutile, with a smaller pro];)ortion of (‘pidote 
and hornblendes Muscovite is very abundant. This maUu-ial has 
long been used for glass-making. 

Beach Sand, sec SMre Sand (p. 157). 

Bituminous Sands are those containing bituminous maticu* in 
Bufficirmtly large amounts to render it an important constitiumt. 
Asphalt sands, iar sands, and oil sands bedong to this class. 

Black Sands are so called on account of their colour vvlu^n 
freshly won. Thcjy may owe their colour to various causers, includirkg, 
in some cases, an excessive amount of carbonaceous mathu’, tliough 
the colour is usually due to the prescncie of magnetic iron oxides 
(magnetite) or other minerals, such as ilmcnitc^ cassitcriLs 
manganese dioxide, etc. The principal black sands an^ found in 
the United States, Canada, New Zealand, Africa, Russia, and 
Siberia. 

The so-called '' black sands ” of New Zealand are also rich 
in titanium minerals. 

Black sands frequently contain valuable minerals mch as gold, 
platinum, etc. The black sand ” of the Rand consists cliicdly 
of iron sulphide, together with a paying quantity of gold, small 
quantities of iridium, osmiridium, and, in some' cases, platinum 
and other metals of the same class. 

Blown or Aeolian Sands are those produced by the action of 
the wind-borne particles on rocks, as described on p. 22. They 
are widely distributed, occurring chiefly in hot, arid regions and 
along the sea-coasts. In this country they occur in many placets 
around the coast where there is an expanse of sea sand at low 
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tide ; the wind drifts the material inland, where it becomes heaped 
up into dunes, which sometimes rise to a height of 60-80 ft. In 
some places, as in Cornwall, much of the blown sand is made up 
of comminuted shells ; elsewhere it is mainly quartz sand. 

The chemical composition of blown sands depends to a large 
extent on the original rocks from which they have been derived, 
and the extent to which they have been mixed with other materials 
during their transference from one locality to another. They may 
be derived from almost any rock, and consequently no rule as 
to their composition can be given. A blown sand derived from 
a quartzite or sandstone rock may consist almost wholly of quartz 
grains with very little admixed impurity ; but one derived from 
a basic igneous rock may contain much mica and felspathic matter, 
whilst one consisting chiefly of comminuted shells will be largely 
composed of calcium carbonate. Generally, they contain little 
or no organic matter except where they have engulfed a fertile 
region and then receded, carrying some of the decomposed organic 
material along with the sand. 

The colour of blown sands is very variable ; some are pure 
white, whilst others are of all colours, from that of cream to brown 
or even darker shades, according to the impurities present. Most 
blown sands are grey or pale brown. 

The texture of blown sands is also variable on account of the 
mixing and re -mixing of the deposits and the frequent changes 
in the speed of the wind. The latter causes grains of varying 
sizes and specific gravities to be picked up and dropped again 
according to the difierent velocities at which the wind travels, 
with the result that the separation of the particles of various sizes 
is not very good unless the sand is subject to some prevailing wind. 

AccordiQg to Boswell, the most uniform blown sands in the 
country are those of Aberdeen, Montrose, Bamburgh, Hartlepool, 
and Blyth, which contain over 90 per cent of grains between 
0*25 and 0-5 mm. diameter, together with 0*5-3 *5 per cent between 
0*1 and 0*25 mm. diameter. The proportion of the finest grains 
in these sands is seldom more than 2*5 per cent, except at Aberdeen, 
where the blown sand contains 3*5 per cent of grains less than 
0*1 mm. diameter. The Aberdeen sand also has about 2 per cent 
of grains over 0*5 mm. diameter, and the Blyth sand has 1*3 per 
cent. The blown sands at Curracloe (Rosslare), Lowestoft, Bally- 
castle (Co. Antrim), Sutton, Culbin, and Coalisland (Lough Neagh) 
are not quite so uniform, the first four containing between 80 and 
90 per cent of grains between 0*25 and 0*5 mm, diameter, and the 
last two containing between 70 and 80 per cent. The Sutton 
(Dublin), Lowestoft, Ballycastle, and Coalisland sands are rather 
coarse, containing respectively 15, 16, 19, and 27 per cent of grains 
over 0*5 mm. diameter. The Culbin sand contains 22 per cent 
of grains between 0*1 and 0*25 mm. diameter, whilst the Curracloe 
sand contains nearly 10 per cent. 

Of the various impurities, the most important are calcium 
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carbonate and iron compounds, though these are not detrimental 
for many purposes. 

The proportion of iron oxide in blown sands is generally fairly 
high, though some of these sands are much purer than others. 

It is a noticeable fact that the heavy detrital impurities in blown 
sands consist of very much smaller grains than the quartz present. 
This is due to the fact that the wind-speed is only able to lift a 
much smaller grain of a “ heavier ” mineral, with the result that 
the heavy minerals are usually concentrated among the finest 
particles of sand. On the other hand, flaky minerals, such as 
mica, may be carried along in quite large pieces on account of 
the surface they offer to the wind, so that such minerals are often 
present in large grains or flakes. 

Bole is a ferruginous, sandy material of a reddish-brown or 
yellowish colour, containing about 41-47 per cent of silica, 18-25 per 
cent of iron oxide. Its composition is very variable, as it is a 
decomposition product of basaltic rocks. It occurs in relatively 
small quantities in various parts of the country ; that in the north- 
eastern part of Ireland occurs as partings in basaltic sheets, 
associated with litho marge, bauxite, pisolitic iron-ore, and lignite. 
In Asia Minor a bole containing about 32 per cent of alumina 
is found, whilst in Saxony it is almost free from iron oxide, only 
a trace being present. Bole has been used as a red pigment 
(including that used for tattooing), and in medical work as an 
astringent. 

Bort or Boart is a coarse dark-coloured sand, consisting of an 
impure variety of diamond which is imperfectly crystalline and 
only partially transparent. It often occurs in small masses, which 
are reduced to sand ” by crushing them in a steel mortar. Bort 
is chiefly used as an abrasive by lapidaries. (See also Diamond, p. 96.) 

Bracklesham Sands occur in the Upper Bagshot formation 
(p. 72). They are of greater geological than commercial interest. 

Breeze is an arti&ial sand, consisting of sifted ashes. It is 
largely used in the manufacture of London “ stock ” bricks, as 
it is non-plastic, and so renders the plastic clays more workable. 
It also aids in the firing oLthe bricks. (See VoL II., Chapter I.) 

Brick-moulding Sand is that used in the sand-moulding process 
of brick-making, and also for producing a good colour on the face 
of bricks, which would otherwise look unsightly. It is usually 
of a marine or estuarine origin, such as the Bagshot beds (p. 70). 
Further particulars regarding the use of this class of sand will 
be found in Yol. II., Chapter I. 

Brown Sands usually owe their colour to the presence of iron 
oxide or to carbonaceous matter, such as lignite, or, less frequently, 
to manganese compounds. The brownish or blackish sandy crust 
on desert rocks called ‘‘ vernis du desert ” usually consists of oxides 
of manganese, left as a residue after the evaporation of the water 
in the rocks, containing salts of these substances in solution. 

Building Sand includes sand used in the manufacture of mortar. 
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concrete, and other materials used in building construction, and 
should always be a highly quartzose sand with sharp angular grains, 
and free from loam or clay, which, if present, must be removed 
before the sand is fit for use. Building sand may be of fluviatile, 
marine, aeolian, or estuarine origin, but glacial deposits usually 
contain too much clayey material. Where the cost of preparation 
is not excessive, building sand may be produced by crushing sand- 
rocks. (See also Vol. II., Chapters II. -V.) 

Bunter Sands occur at the base of the Triassic system, and 
consist of marine and desert deposits, much of the material showing 
evidence of carriage by wind. The occurrence and distribution 
of Bunter sands has already been described (p. 53). 

The sand-bearing materials in this system consist chiefly of 
soft sandstones of various colours, often mottled, and associated 
with clays and dolomites. They have usually a reddish tinge 
on account of the amount of iron present, usually as a thin film 
of haematite over each particle of sand or other minerals present. 
In some places they have a slightly greenish tinge, which, according 
to Boswell, is due in all probability to the reduction of the iron 
from the ferric to the ferrous state by decomposing organic matter, 
or to the action of algae, bacteria, etc. 

The proportion of iron oxide varies ; it is sometimes as much 
as 6 per cent, though in some localities it is extremely low, and the 
sands, e.g. the Lower beds at Worksop, may then be sufficiently 
pure to be used for glass-making. 

They contain usually over 75 per cent of silica — some, such as 
the Lancashire sands, having, according to Boswell, over 90 per 
cent. LTp to 9 per cent of alumina may be present, but generally 
not much more than 6 per cent. The proportion of lime, magnesia, 
and soda present is usually fairly small (less than 1 per cent), but 
the Mansfield moulding sand and the Belfast sands are rich in 
magnesia and lime. 

A characteristic of the Bunter sands is their high proportion 
of potash, due probably to the fact that, being formed under desert 
conditions, the felspar did not decompose as it would have done 
had it been in contact with water. Most of the beds contain 
more than 2 per cent and some more than 5 per cent of potash. 
This greatly reduces their refractoriness, so that they cannot be 
used for casting steel, though they are quite suitable for moulding 
non-ferrous metals. Detrital minerals are generally abundant, and 
are specially so in Lancashire and Ireland, mica being very plentiful. 

Having been formed under desert conditions, Bunter sands 
usually consist of well-rounded grains which are characteristic 
of this mode of formation (Fig. 1). They vary in coarseness in 
different parts of the beds and in difierent localities. Very often 
coarse and fine sands occur in the same locality, as at Mansfield 
and Worksop. At Mansfield, according to Boswell, the sand varies, 
some containing over 80 per cent of grains more than 0*25 mm! 
diameter, other parts nearly SO per cent less than 0-25 mm. 
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diameter, whilst at Worksop the pot sand contains over 90 per cent 
of grains larger than 0*25 mm. diameter and the finest beds contain 

over 90 per cent of 
grains less than 0*25 
mm. diameter. 

The Belfast and 
Ormskirk sands are 
generally very fine 
throughout, the former 
having a fine silky tex- 
ture, for which they are 
famous. 

Calcareous Sands 

are usually of marine 
origin, and contain, 
in addition to their 
siliceous materials, 
chalk, limestone, gyp- 
sum, and other lime 
compounds in varying 
proportions. They are 
usually produced by 

Fig. L — ^Mansfield Red Buater sand, x 20. the shells of dead 

marine animals be- 
coming mingled with siliceous sands and ground into a very fine 
powder, so that in time the shells are scarcely recognisable, even 
under the microscope. Such sands are often of great value in 
agriculture. (See Vol. II., Chapter VIIL) For further information 
see Shell sands (p. 157). 

Carbide Sands or Fire-sands are artificial sands composed of 
silicon carbides and carboxides, which are used as abrasives. 
Carborundum, crystolon, carbosilite, carbofrax, and electroion are 
silicon carbides. Silfrax, silit, and some other compounds appear 
to be somewhat irregular mixtures of carbides and carboxides of 
silicon, together with some silicon nitride. Siloxicon and fibrox 
are carboxides of silicon, and correspond to some composition 
between Si 2 C 20 and Si 7 C 20 . 

All these materials are produced in an electric furnace by the 
partial fusion of a mixture of silica and carbon in the absence of 
air. The furnace used (Fig. 2) is about 33 ft. long and 17 ft. wide 
and 10 ft. deep, the only permanent part of the structure being 
the long end walls and the floor. In each end is a large terminal, 
consisting of a number of carbon rods, the ends of which fit into 
copper plugs, which in turn are fastened into sockets in a copper 
plate bolted to the outside of the wall and connected to the leads. 
Between the terminal heads is-a granular resistance core, about 3 in. 
diameter, made of pieces of coke about | in. diameter. . The core is 
packed round loosely with a mixture of sand, coke, sawdust, and salt 
in proportions which depend on the nature of the product desired. 
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A typical charge consists of : 

Cok© . 

Sand . 
Sawdust 
Salt . 


20 parts. 
32 „ 

6 „ 

1 part. 


The proportions of coke and sand used do not vary much, but 
the sawdust may vary from 7 to 11 per cent, and the salt from 1 *5 to 
4 per cent of the charge according to the products required. These 
mixtures provide a slight excess of carbon, to allow for loss. The 
function of the salt is to remove the iron and other impurities 
in the coke and sand by the formation of volatile chlorides, whilst 
the sawdust is added to make the mass porous, so that the carbon 
monoxide, when formed, may escape. 



Fig. 2. — Carborundum furnace. 


The reaction which takes place in the furnace is represented 
by the following equation : 

Si02 + 3C = SiC+2C0. 

An electric current of about 230 volts and 6000 amperes is 
passed through the contents of the furnace, but after a time the 
current is increased and its voltage reduced until the heat is sufficient 
to vitrify the contents of the furnace and convert them into carbides, 
etc. The temperature and rate of heating must be skilfully coii- 
trolled, as the nature of the products varies with the proportion 
of raw materials used and the conditions of heating and cooling. 
When the contents of the furnace are sufficiently cool, they are 
taken out carefully, each product being kept separate as far as 
possible. The products consist of some unaltered raw materials, 
together with silicon carbide and various by-products of the 
reactions, of which the more important are : (i.) the graphitic 
core surrounded by (ii.) a zone of crystalline carborundum, (iii.) a 
layer of carborundum powder, (iv.) a ring of siloxicon hre-sand 
with silicon monoxide, and finally (v.) a film of silica. 

The various products are next passed through a mechanical 
crusher and digested with (1-2) sulphuric acid for three days at 
100° C., after which they are washed and then further crushed and 
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Kcreeiiod, ho an to H(\pa.i’at(i into various grades, tlu* finest [fortiori 
Ix^ing {;oIl(x*,t(xi ixh flour, 

(Jarf)orunduni is a silicon (tarbide corresixaidiug to tlu* fornnda 
vSiC ; it is (^af)abl(^ of formation in small quantititss at a mueii lower 
tem|KU’ature. than that ns(‘d in actual })ra(*ti(X‘, hut on the larger 
scale*, a very high tmnjx^rature. is essential. The* mat (‘rial setd as 
** pure, carborundum (amtaius about (>5 jKW c(‘nt (d silieoiu dD per 
(‘.ent of (tarbon, and 5 pen* <*ent of im|)uriti(‘.s. It is in tlu* fovin of 
hexagonal e.rystals varying in colour from the^ ])al(*st ytdlow io grey 
or blue-black, the variations Ixung due to impuriti(‘s in tlu* inateriid 
and to the play of light on the surfa<M’! of tlu^ crystals. 'Tlu* crystals 
are of int(Uis(^ hardness, with a spcutfic^ gravity lutween 8-17 and 
3*21, and a melting point of alxmt 2500"' (D 1du‘ ndractoriiu'Hs 
of carbonmduni is not known acetirately, though Hut high t(*inp(‘ra“ 
tunt ntquirod for its inannfae.tunt shows that it ean r(‘Hist a vfu'v 
high tcmijKtraturct. It d(‘(!ortipos(*H slowly at t(‘mp(‘rat ur(‘s aluna* 
2200*' (h without fusing ; the silieon, voiatilis(*s, and tlu* graphite* 
burns away. The rat(i of decomposition is oftem r(‘due{*d by flu* 
formation of a silicutous glaze as one of tlut by-produets, btit this 
is not Huflieiently protective to pntvtmt its slow chn'ornpositioii. 
In th(* |)res(m(te of flue- or kiln-gaH(*s the d<‘eo!n posit ion is more 
rapid, (tarbon monoxides and silitton b(‘ing formed, (’arborundum 
has a high thermal <tonduetivity, a low (toehieieni of expansion, 
and gr(‘at strength and toughnesH. 

It is xiH(*d as a ndractory material in the form of bricks, and 
as an abrasive*, in tlu*. form of ““ sand or powd(‘r, whiclt mas* In* 
used dinu't or aft(*r b(*4ng applied to paf)<‘r or ehdli, or it may bi* 
mixed with a suitable binding agemt and made* into blocks, wliec*lH, 
and sharpening stones, (-arborunduni povvehu’ has lH*(*n nHc*d to 
Honui (^xhmt in |)la(UM)f corundum for lapidaries’ work, as it. is harder, 
It has, however, the disadvantage of bedng mon* britth* and is 
soon reduced to flour. It is also used in |)la(X( of enu*ry, which 
is an impure^ form of corundum, as, although it is more* eosily, it 
does the work in one-third or one-quartcu* of the tinut tak(*n by 
ornery. It is used for glass-cutting and for polishing and grinding 
nudals, etc,, and instead of diamonds for drill-h(*adH, feu* whi«’h 
purpose it is quite satisfactory if rnountcul in a suitabh* nu*tallie 
or ceramic inatrix. It is also used inshuul of fc/rro-silieoti for 
steel-making and in the reduction of co[)per, nickel, and lc*ad from 
their chlorides, the production of metallic silieides from th(‘ir oxides, 
and the preparation of quaternary steels. 

As a refractory material it is used for the mariufacturi* of fin*- 
bricks, zinc retorts, and refractory cements. 

Carborundum powder is sometimes employed as a facing for 
sand moulds used for casting metal. When mixed with a suitable 
binder and applied to the mould, it gives the metal esasting a luird 
surface, because some of the silicon from the carborundum (mterK 
into the metal and “ case-hardens it. 

^ Some samples show no signs of fusion at 2700" C. 
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Crystolon is the registered name for a variety of carborundum 
which is prepared at a temperature of 1820°-2250° C. A dark- 
coloured mass, known as amorphous silicon carbide or fire-sand, 
is formed at a temperature of 1600° C., and this is slowly converted 
at 1850° C. into crystalline crystolon; and as the temperature 
rises and approaches 2250° C., decomposition occurs, with the 
formation of other carbides and carboxides. Crystolon is not 
affected by acids, except hydrofluoric acid, but alkalies and 
carbonates decompose it when heated, and metallic oxides react 
with it at red heat. In an oxidising atmosphere, silicon carbide 
is decomposed, forming silica and carbon monoxide. The co- 
efficient of expansion of crystolon is very low, being 0*0000045 c.g.s. 
units per degree C. 

Silfrax is another form of carbide of silicon which is formed 
from the vapour of silicon acting on solid carbon. The pores 
in the latter soon become filled with silfrax, and the crystals so 
formed remain small and are tougher and stronger than carborundum 
crystals. Silfrax is formed at the same time as carborundum, 
though in a different manner, so that each must be separated from 
the other when either is required in a fairly pure state. Silfrax 
is used for the manufacture of refractory articles, chiefly pyrometer 
tubes and electrical fittings, in the same way as carborundum. 

The fire-sand which is formed at a lower temperature is amorphous 
or crypto -crystalline, but it is equally as refractory as the crystalline 
material. It is, however, rather less stable than the crystals. 
It is attacked slowly at red heat by sodium carbonate, caustic 
soda, and sodium peroxide, and rapidly by red lead. It is not 
attacked by hydrofluoric acid to any appreciable extent. Fire -sand 
is used as a refractory material — chiefly in the metallurgical 
industries. 

Silundum is a term introduced by F. Bolling, who, in 1900, 
found that when pieces of carbon, pressed or moulded to any 
desired shape, were heated in a mixture of silicon carbide and sand, 
the silicon reduced from the sand volatilised and combined with 
the carbon to form a compound the particles of which retained 
the shape of the sand. It is a silicon carbide with an excess of 
carbon, whereas silfrax and silit have an excess of silica. From 
a number of experiments made in 1914-1915, Tucker and Lowry 
concluded that the formation of silundum commences above 
1300° C., the greenish slate -coloured variety being first formed, 
whilst above 1800° C. the steel-grey modification appears. Above 
2200° C. the product is decomposed and graphitic carbon remains 
behind. 

Tucker and Lowry conclude that the green variety is really 
a carboxide containing about 9 per cent of oxygen, but this 
decomposes to form the grey variety, which is a true carbide, 
devoid of oxygen and closely resembling carborundum Both 
the green and the grey varieties of silundum are refractory ; they 
are not attacked by oxygen, nitrogen, or hydrogen below 1100° C., 
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nor by most fused salts ; fused caustic alkalies and alkali carbonates 
convert the silicon into silicate ; they are oxidised by peroxides 
and by lead oxides ; acids, even hydrofluoric acid, are without 
action on pure silundum, but attack the impurities present in the 
commercial products. The density is about 3 and the hardness 
9 on Mohs’ scale. The most notable distinction between the two 
varieties of silundum and carborundum is their electrical resistance. 
The specific resistance of carborundum per centimetre cube at 
25° C. is 50 ohms, whilst that of green silundum is only 0*2374 ohm. 
At higher temperatures all the carbides are fairly good conductors 
of electricity. 

Siloxicon is a silicon carboxide produced in the same way as 
carborundum, but the conditions of manufacture are slightly 
altered. Siloxicon begins to form, according to Tucker, Gillet, and 
Saunders, at a temperature of about 1500° C. Its composition 
corresponds to Si^C^O, where x = 1-7 and averages about 2. 
It may be a solution of silica in silicon carbide, as hydrofluoric 
acid removes silica and silicon, but leaves any carborundum present 
unattacked. It is amorphous, usually has a greenish-grey sheen, 
and contains some free graphite and carborundum. It has a 
specific gravity of 2*52. It is highly refractory, a good electrical 
conductor, indifferent to most acids, but more easily oxidised 
at 1500° C. than carborundum, a superficial glaze being produced. 
When heated in a neutral or reducing atmosphere, it is unaffected 
until it reaches a temperature of about 1840° C., when it begins 
to decompose, forming carborundum, free silica, and carbon 
monoxide ; at higher temperatures it dissociates, forming 
carborundum and free oxygen. 

Fibrox (Eng. Pat. 16,299 of 1913) is a silicon oxycarbide 
prepared by heating a mixture of silicon and a catalytic agent 
such as fluor-spar. Carbon monoxide and dioxide enter the 
crucible by diffusion and slowly convert the silica into a fibrous 
mass, having a true specific gravity of 1*8-2 -2. It is, however, 
extremely porous, 99 per cent of the volume being air, and its 
apparent specific gravity is only 0*0025-0*0030. It is used as a 
heat insulator. 

All the foregoing carbides and carboxides are reduced to the 
form of ‘‘ sand ” before use. They are then sifted so as to grade 
the material into grains of various sizes, the sifted products being 
used in the form of powders or mixed with a suitable binding 
agent and moulded into blocks, etc. 

For use as a refractory material the various silicon carbides 
need to be as devoid as possible of free carbon ; this material, 
even when present in only small amounts, is a serious hindrance 
to that intimate contact between the bond and aggregate which 
is essential to the production of sound goods. 

Carbonaceous Sands are those containing a considerable pro- 
portion of organic matter, which may be in the form of lignite 
or peaty matter. Many sands belonging to the Cretaceous and 
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Tertiary Systems are associated with lignite beds, whilst many 
glacial and most surface sands are associated with peaty or other 
organic matter. The presence of readily decomposable carbonaceous 
matter in association with sands is a considerable advantage in 
many cases, as the water percolating through these beds becomes 
charged with various soluble substances derived from the peat 
or other organic material, which reduce the iron compounds in 
the sand to the ferrous state and render them soluble. By this 
means the percentage of iron in the sand is gradually reduced. 
If the water is not able to escape, however, the ferrous compounds 
remain in the sand, and whilst in outward appearance it is pale 
in colour and apparently low in iron, its normal colour is restored 
by heating it to redness in a current of air, when the ferric compounds 
are once more produced and the sand becomes brown or reddish. 

The sands between St. Helens and Ormskirk in Lancashire 
are associated with a considerable amount of peaty matter, by 
means of which the proportion of iron has been reduced to a very 
small percentage (p. 115). 

Carbonado is a dark grey or black variety of diamond, which 
is sometimes indistinctly crystalline, granular, or cellular in structure. 
It is sometimes called black diamond,’’ and was first discovered 
in Bahia, Brazil, though it also occurs in Borneo. It has a specific 
gravity of about 3-01 and contains about 2 per cent of mineral 
matter, which is left as ‘‘ ash ” on calcining the material in a gentle 
current of air. Carbonado is harder than all other varieties of 
diamond. It is chiefly used for rock drills and also for the tools 
used for dressing millstones and emery wheels (see also Diamond, 
p. 96). 

China Clay Sand is the technical term applied to the particles 
of q[uartz and undecomposed granite occurring with china clay 
and mica in the slurry washed out from the china-clay rock, or 
carclazite, found in Devon and Cornwall. The sides of the china- 
clay pits or stojpes are subjected to the action of a stream of water 
which, in its descent, carries with it some of the clay, together 
with quartz, mica, and other rock particles. The resultant cream 
or slurry is collected in a settling pit, in which the coarse particles 
or “ sand ” settle to the bottom, whilst the other materials are 
carried ofl in suspension in the water for further treatment in a 
launder. Sometimes a number of sand-intercepting boxes are 
used to retain the sand. A launder consists of a square wooden 
pipe (about 9 in. square), the sides being perforated by a number 
of 4 in. holes about a foot apart, fitted with stoppers, called buttons, 
which are removed in succession as the sand settles out of suspension, 
and so allow the water and clay to flow away. Where no launder 
is used, and in some cases in conjunction with a launder, the slip 
is turned into a sand-pit, which consists usually of a rough rect- 
angular trough 3-5 yards long and 2-3 yards wide, with stone walls 
4-6 ft. high. A doorway is placed at the lower end of the pit over 
which the clay slip passes, whilst the heavy sand sinks to the bottom 
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and is collected. Usually, two or more sand-pits are used, so that 
when one is full of sand the slip is turned into another, whilst the 
first is emptied out by means of shovels, the sand being conveyed 
to the top of the pit in wagons. Any sand which is not intercepted 
by the sand-pits is collected (together with some mica) in the 
first drags ; it is removed from them and put with the residues 
from the sand-pits in huge banks or “ burrows.” 

“ China-clay sand ” consists largely of quartz, undecomposed 
felspar, with tourmaline and some mica. The size of the particles 
varies from very fine grains up to pieces 2 in. or so in diameter. 

The waste from the china-clay rock may form anything up 
to four-fifths or even more of the material, but only part of 
the waste can be used. Table XII., due to Mr. J. M. Coon,^ 
shows the proportion of “ sand ” in the china-clay rock from 
the St. Austell district : 

Table XII. — Composition of China clay Rock 



A. 

B. 

C. 

T). 

E. 

F. 

1. Coarse quartz . . 

39-80 

29-80 

51-40 

33-30 

25-30 

37-50 

2. Medium quartz . 

17-22 

14-20 

15-80 

11-26 

33-40 

16-60 

3. Fine quartz, tourmaline, 
etc 

1-82 

2-40 

1-60 

3-93 

4-80 

2-10 

4. Very fine quartz, coarse 
mica, tourmaline, etc. . 

1-16 

1-36 

1-20 

2-03 

3-33 

2-13 

5. Fine mica, coarse clay, 
tourmaline, etc. 

0-98 

1-41 

2-50 

1-46 

3-63 

4-20 

6. Very fine mica, medium 
clay, tourmaline 

1-57 

1-81 

2-50 

4-60 

3-45 

4-40 

7. Marketable china clay 

37-30 

49-00 

35-00 

36-60 

25-80 

33-00 


Mr. J. H. Collins ^ found two samples of china-clay rock to 
consist of ; 


Water 5-0 5-5 

Coarse sand and mica over BO-mesh . . .67-5 71*5 

Fine sand and mica under 30 -mesh . . .2-0 2-5 

Fine mica and some clay 3-5 3-0 

Fine clay 22*0 17-5 


He found that, on an average, 3-7 tons of sand were produced 
for each ton of commercial china clay, and, in addition, 2-5 cwts. 
of coarse mica and 1-3 cwts. of fine mica were also obtained. 

China-clay waste or “ sand ” is used for various purposes, 
including building, rough-cast work, garden paths, refractory 
bricks, cement, and also for polishing guns. 

Clayey Sand is sand containing an appreciable proportion of 
clay or argillaceous material which may or may not hinder its 

^ Trans. Eng. Ceram. Soc.^ x., 1911, p. 82. 

^ The Hensbarrow Granite District, Truro, 1878. 
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use. Such sands should only be employed where the presence 
of clay will not be deleterious ; they are useless for building, 
though often quite satisfactory in brick-making and other clay- 
working processes. (See Building Sand, p. 84.) Clayey sands are 
excellent as '' opening substances,” and sometimes have an 
advantage over pure quartz. In some cases, as at Windsor, Ewell, 
Epsom, and in Wales, they are used for making firebricks. (See 
Vol. II., Chapter VII, ) They are of wide distribution and occur 
in many parts of this country, and are often known as loams, 
though this term is more generally applied to sandy clays rather 
than to clayey sands. 

Clayey sands may sometimes be used as a source of clean sand 
provided they are first washed very thoroughly (Chapter IX.) in 
order to remove all the clay, but the cost of this treatment is 
usually prohibitive. 

Cobalt Sands, or cobaltiferous wad (see Wad, p. 167), are one 
source of the metal cobalt. One important variety of these sands, 
termed asbolite, is found in New Caledonia and near Port Macquarie 
in New South Wales. 

Colluvial Sands, see Diluvial Sands (p. 100). 

Copper Sand, found in Chili, consists of grains of metallic copper 
mixed with quartz. 

Coral Sands consist largely of fragments of coral rock which 
have been broken from the main mass and reduced to powder 
by the action of waves, etc., and deposited near the shore. They 
contain varying proportions of mineral matter — chiefly of a volcanic 
nature. Coral sands, found further out to sea, pass gradually 
into fine calcareous muds of the same nature as coral sands, but are 
much finer in texture and are generally deposited at greater depths 
than the corresponding sands. As coral rocks are largely composed 
of calcium carbonate, the coral sands have a similar composition. 
They are of geological rather than commercial interest (see p. 35). 

Corxmdum, sometimes called adamantine spar, is a source of 
abrasive sand. It is found in several varieties, from the coloured, 
clear, and pure gemstones to a very inferior and impure product. 
The clear blue varieties are called sapphires, the white and yellow 
ones are white and yellow sapphires respectively ; the red ones 
are rubies ; a stone of a turbid magenta hue is barkleyite ; a purple 
variety is the oriental amethyst, and a green variety is the oriental 
emerald. The gem stones occur principally in river sands and 
gravels (see Placers, p. 133). 

The dull -coloured and opaque varieties occur chiefly in India, 
China, Siberia, and the United States. They are found in thci 
crystalline and metamorphosed rocks in the Salem district of 
Madras, India, and in several other localities. Large deposits 
of a grey, red, or purple colom occur near Singrauli in South Rewah. 
Corundum is also commonly found in gneiss, mica-schist, and 
hornblende-schist. The American deposits are found principally 
in North Carolina and Georgia ; in the latter, corundum frequently 
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<)(!(nir8 in association with hornbh^nde-gnciss, in large Inassc^s weigh- 
ing as nuH‘Ji as 5000 lb. 

Corunxluni is a natural oxkle of aluniiniiirn containing iq) to 
97 '5 })(a‘ (;(!nt of aluniina. Tabk^ XIIL shows the coinpchsition 
of various typt^s of eoruiKiurn. 


Tahi<k XIM. Analyses of Oorundum ^ 



AliiMiina. 

Ki-rri*- 

Oxidc. 

Silica,. 


Indian, Haj>phir(i 

97-51 

1-89 

0-8 


Indian ruby 

97-92 

I -09 

I -21 


Indian norundtiin 

99-12 

0-91 

0-95 

1-02 

Asia Minor (•.nrundiun 

92-99 

I -57 

2-05 

M2 


Th(^ vari(Ki colours of e.orundiun appear to b(^ {lu(^ to inin<*rul 
iinf)uriti(‘.s in sotrie peculiar (possibly colloidal) stat(‘. ''riuis, 
(uiour of ruby may bo duo to the pn^soncc of ciiromiuin c^xide, 
as on heating it turns to gnnm but regains its normal colour on 
(tooling. (Jobalt has boon suggested as the possibk*, (taus(^ of tin* 
colour of sapy)hir(s though it may, in some cases, bo duo to chromium. 

Corundum is (^xtrcunoly hard, its hardne^ss being 9, a<'cording 
to Mohs’ Hc.aki, so that it is very valuable as an abrasive*. l<'or 
this purposes it is crushed and gra(k‘.d in the same manruT as ot her 
abrasivc^H and made into abrasives papers, cloths, wh(*(‘Is, etc'. 
It is also mu<di used in lapidaries’ work. The abrasives {)ow(*r of 
(‘.orunduin, as c.ompared with that of pure sapphint and cunory, 
is as follows : 

Sapphire 100 

Aiacrican corundum . . . 00-97 

Naxos ornery 40-57 

Emery is an impure variety of corundum which is also used 
as an abrasive, but it is not quite so hard as corundum {me alscj 
Emery, ]). 101). 

Arfdjlcial corundum is made by fusing calcined bauxit(» in an 
(dectric arc furnace. Emery may also bo used, Imt charcoal or 
coke must be added to reduce the iron compounds pre^semt to tin*. 
m(‘.tallic state. The X)roces8 is simple, yet by no nutans easy ter 
work profitably, on account of the very powerful electric, cnirnuits 
employc^d and the exceedingly high temjieratures (far aliovr*. tliai 
required in steel manufacture) which are attained. The, furnace* 
consists of a square or circular chamber which may be^ built of 
fire-bricks covered with sheet iron which is kep)t cool by wat<T 
fl.Dwing over it. If fire-bricks are omitted and the mixture? to Im? 

^ Thorpe’s Dictionary. 
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heated forms its own crucible, ” the chamber must be large, as 
the part of the charge of bauxite nearest the walls acts as a con- 
tainer. In the centre of the chamber are two or three carbon 
electrodes or rods which carry the current ; they are mounted 
on rack-work in such a manner that the lower end of one rod can 
be made to touch that of the other or can be kept at any desired 
distance from it. At the bottom of the chamber are placed several 
pounds of iron or steel turnings, and the two lower ends of the 
electrodes are brought into contact with these. If the current 
is then switched on, an arc is formed and the iron is rapidly melted. 
Before complete fusion occurs, bauxite is shovelled into the furnace 
in small quantities at a time and at such a rate as to make the 
best use of the heat developed by the electric arc. When the 
temperature of the bauxite is about 2200° C. it melts, and, owing 
to the highly reducing action of the arc flame, any iron compounds 
present are reduced to the metallic state. As fusion proceeds, 
the material becomes so intensely hot that most of the silica is 
volatilised and so escapes. Finally, the metallic iron settles to 
the bottom of the furnace, and the molten alumina occupies a 
central position with a light slag, due to various impurities, above 
it, and unfused bauxite all around. From time to time the molten 
iron may be run off, but with an almost pure bauxite there will 
not be sufficient iron to permit this. When no more alumina 
can be fused in the furnace, the current is switched off and the 
furnace is allowed to cool. The current is usually alternating. 
It may be supplied at 1 10 volts and 300 amps., which is equivalent 
to about 700 h.p. per “ run,’' but for larger furnaces 6000 amps, 
and 100 volts are used. 

When cold the contents of the furnace are removed and sorted 
according to their various natures, the central mass of fused alumina 
(which during cooling should have been largely recrystallised) 
being the desired product. 

In order to obtain a satisfactory abrasive material, large furnaces 
must be employed, and at the Norton Company’s works masses 
of corundum each weighing 5 tons or more are regularly obtained. 
When such large masses are cooled they develop cleavage planes, 
and by taking note of these the crushing is facilitated. In the 
best type of furnace the hearth can be gradually lowered during 
the fusion, and by this means a much larger quantity of alumina 
can be fused than when a fixed hearth is used. 

The more slowly the product cools, the better will be the 
crystals and the greater the toughness and abrasive power of the 
product. Hence, by regulating the temperature and the rate 
of heating and cooling, the hardness and toughness of the mass 
and the angularity of the particles formed when it is crushed can 
be varied. By this means a product with different “ tempers ” 
is secured. 

An alternative method — ^patented by G. Dollner in 1897 — 
consists in igniting a mixture of metallic aluminium with various 



96 


DIATOMACEOUS EARTH 


oxides, whereby the product attains so high a temperature that o 

partial fusion of the resultant alumina occurs. a. 

Adamite is a dark blue material approaching black in colour, t’ 

and contains about 80 per cent of alumina. o 

Aloxite is an artificial corundum having a highly crystalline vs 

structure and a purplish blue colour, made in the south of France u 

and at Niagara Falls, America. f j 

Alundum is an artificial corundum made by the Norton 
Company, Chippawa, Canada. 

Borocarhone is an aluminous abrasive made in France. a 

Gorubin is a by-product of the Goldschmidt Thermit ” process 
of making chromium, and consists of a crude form of fused alumina t 

which occurs in the slag. o 

Oxyalumina is an abrasive made in America by fusing aluminous 
earths. ( 

Cretaceous Sands, see also Greensand (p. 118) and Wealden p 

Sands (p. 168). 

Diamond is the hardest mineral known in nature, having a ^ 

hardness of 10, according to Mohs’ scale. It is found in sand t 

and gravel deposits formed by alluvial action, and also in alluvial c 

beds, which have later been covered by more recent deposits of t 

rocks (see Gem .Gravels and Sands, p. 112). I 

Diamonds are chiefly used as gem-stones and as abrasive j 

materials, the largest and purest stones being selected for gems. ^ 

The less valuable diamonds and the powder obtained by crushing g 

them are used by lapidaries for cutting and polishing other diamonds 
and precious stones. The powder is also embedded in a disc of 
soft iron, and used for cutting ornamental stones and for preparing x 

thin sections of rocks. f 

Inferior varieties of carbon, including carbonado or black diamond x 

(p. 91) and bort or boart (p. 84), are also used as abrasives, carbonado 
being used in the steel crowns of rock-drills. ^ 

Diatomaceous Earth (sometimes known as Barbadoes Earth and 
as Kieselguhr) is a highly siliceous sediment or deposit produced j 

by the accumulation of extremely minute plants called diatoms,” < 

having an external casing of silica. In time, countless millions ^ 

of these microscopic siliceous shells form a bed of a light porous -i 

nature, varying in colour on account of various inorganic impurities - 

which may be present. The deposits are usually contaminated ' 

with other materials which have been deposited simultaneously, t 

the principal impurities being silt, clay, sand, volcanic ash, and 
decayed vegetable matter. With the exception of the organic 
matter, which is destroyed by calcining the material, these impurities : 

cannot be separated cheaply, and therefore adversely affect the < 

value of the kieselguhr. There are, however, very pure beds, - 

which contain 95 per cent and more of silica, in Germany, Norway, i 

the United States, Italy, and near Algiers. j 

The German kieselguhr is obtained chiefly from Naterleuss, ] 

between Hamburg and Hanover, where a deposit 150 ft. thick < 
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occurs, its colour varying from white at the surface, where it is 
associated with a coarse sand which can be removed by washing, 
through a bed of grey material containing less sand and enough 
carbonaceous matter to calcine the material, to the lowest bed, 
which is 50-100 ft. thick and consists of green kieselguhr containing 
up to 30 per cent of carbonaceous matter. Important deposits 
from which large supplies have been obtained also occur at 
Oberhohe. 

The Algerian beds are amongst the finest in the world, though, 
as yet, they have not been fully exploited. 

Enormous beds occur at St. Lucian, sometimes attaining a 
thickness of 150 ft., the better qualities occurring near the bottom 
of the deposit.- 

Other smaller or less pure deposits occur at Auxillac in Prance 
(p. 98), Spain, Ireland, and Scotland. The Irish kieselguhrs are 
highly coloured, very impure, and of limited usefulness. 

In Scotland, a diatomaceous earth occurs in Skye and Aberdeen- 
shire. In the north of Skye at Loch Cuithir the deposit is 40 ft. 
thick and consists of material which, when air-dried, contains 
94-4 per cent of silica and 4*43 per cent of water, so that if all 
the water were removed it would contain 98*78 per cent of silica. 
Diatomaceous earth also occurs in Loch Mealt, Sartil, Loch Cleat, 
Loch Snuisdale, and Glen Uig, in the Isle of Skye. In Aberdeen- 
shire it occurs near Ballater and contains about 83 per cent of 
silica, 5*5 per cent of iron oxide, 2*1 per cent of alumina, and 2*93 per 
cent of magnesia. 

Diatomaceous earths have also been found at North Tolsta 
in Lewis, where it is 7J ft. thick. Loch Ba in Mull, where it varies 
from 1 to 2 ft. thick, and at one end of Loch Leven in Eifeshire, where 
it is about the same thickness. 

Most of the best known beds of kieselguhr belong to the Tertiary 
epoch. 

The colour of kieselguhr varies considerably and does not 
indicate the quality of the material. In some cases the colour 
of the dried earth is much better than that of the freshly dug 
material. As a general rule the lighter deposits are preferable 
to the more highly coloured ones, and the best qualities yield an 
almost pure white or cream-coloured material when calcined. 
The analyses given in Table XIV., and due to A. Bigot, show 
the composition of kieselguhr from various sources. 

In its pure state kieselguhr contains 25-45 per cent of moisture, 
which is expelled at 100° C., leaving a very light, soft, easily abraded 
material. Under the microscope the regular forms of the plant 
skeletons are readily seen, some of them being very beautiful 
and characteristic. The form of silica found in these skeletons 
is very peculiar, being an irreversible colloidal gel containing 
5-10 per cent of combined water, which is evolved on heating to 
redness. In the raw earths there is usually a variable proportion 
of reversible silica gel. These two forms of silica are easily attacked 
VOL. I H 
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by hydrofluoric acid, and are soluble in solutions of sodium carbonate 
of all strengths. 


Table XIV. — Analyses of Kieselguhr 



Lime- 


St. Denis Le Sig. 

Lompoc, California. 

Composition. 

bourjx. 

jAl 

A. 

B. 

A. 

B. 

c. 

Combined water 
Organic matter . 

5-26 

8-43 

3-5 1 
3-0 / 

6-4 

5-2 

5-54 

5-57 

2-22 

Silica . 

81-25 

88-90 

74-0 

86-5 

88-78 

85-28 

94-59 

Alumina 

3-19 

2-65 

1-99 

1-35 

2-68 

5-35 

1-87 

Ferric oxide 

1-34 

1-5 

1-06 

0-50 

Trace 

M2 

0-76 

Titanium oxide . 

0-15 

0-26 



0-10 

0-21 

0-10 

Lime . 

0-18 

0-20 

6-61 

2-95 

1-61 

1-12 

0-83 

Magnesia . 

0-20 

0-15 

1-58 

0-75 

1-30 

1-30 

Trace 

Alkalies 



2-16 

0-40 




Carbon dioxide . 



6-20 

2-70 

White 

Brown 

White 

compact 








shale. 


On heating the kieselguhr to 600°-700° 0. in a current of air, 
the combined water is driven off and the organic matter burns 
away, so that, whilst the appearance and volume of the earth 
remain unchanged (except for the colour), its power of absorption 
of gases and liquids is increased and it becomes harder. When 
heated between 700° and 1000° C., these earths contract and 
increase in hardness and apparent density. The cubical con- 
traction increases fairly uniformly with the temperature of 
calcination, a block with a volume of 100 c.c. at 700° C. shrinking 
to about 25 c.c. at 1400°-1600° C. The apparent density — or 
strictly the volume-weight — ^remains constant at 0-5-0 -7 below 
700° C., rises rapidly to 1-4 at 1000°-1400° C., and steadily increases 
to about 2-2 at 1400°-1600° C., between which temperatures the 
material fuses. The true specific gravity is about 2-6 below 
1000° C., but at the fusion point it falls to 2-22-2-25. About 
77-80 per cent of the total volume of dried material consists of air 
enclosed in the cells, this proportion of voids being 6-8 times that 
of lightly calcined clay. 

The normal melting point of kieselguhr is 1570°-1600° C., but 
it is sometimes as low as 1300° C. in very impure earths. 

Kieselguhr possesses certain catalytic properties similar to, 
but less marked than, those of freshly deflocculated china clay. 

The thermal conductivity of the calcined material is proportional 
to its volume-weight, and is very low on account of the large 
proportion of voids or air-spaces in the mass. Consequently, 
it is of great value as an insulator. Its heat-conducting power, 
as compared with other materials, is shown in Table XV. (by 
Harvard). 
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Table XV. — Thermal Conductivity oe lNsVEATi)RS 


Material. 

Temperature of 
Burning. ° C. 

ThermahCS^diiclftefey^ 
gm. cal. per 

cm. per 1° Diff. ‘ 

Kieselguhr 


0-0018 

Fireclay brick .... 

1300 

0-0050 

Bauxite brick .... 

1300 

0-0033 

Silica brick 

1300 

0-0031 

Magnesia brick .... 

1300 

0-0065 

Carborundum brick 

1300 

0-0145 

Chromite brick .... 

1300 

0-0034 

Graphite brick .... 


0-024 

Building brick . ^ . 

1050 

0-0037 

Porcelain 

1400 

0-0046 


At 2000° F. (1093° C.) a layer of raw kieselguFr of 1 in. in 
thickness is equivalent to 6*5 in. of good firebricks, or 1-35-1 *65 in. 
of magnesite bricks. 

The specific heat of kieselguhr resembles that of clays and 
other ceramic materials and averages about 0*25, so that a com- 
pacted mass of the material, with a volume-weight of 0*5, absorbs 

times as much heat as the loose powder with a volume-weight 
of 0-2, whilst a fireclay brick w'ith a volume -weight of 1-8 will 
absorb nine times as much as the powdered earth. 

The chief uses of kieselguhr and other diatomaceous earths 
depend on their lightness and porosity, for which reason they are 
used (a) as heat insulators, (^6) as refractory materials, (c) as 
absorbents, and {d) as fillers. 

As a heat insulator they are very valuable, and are employed 
for covering steam-pipes and boilers, for safes, fireproof rooms, 
and for filling the bulkheads of steamships, etc. Such earths 
are of great value in many situations where both refractoriness 
and he at -insulating properties are desired, but, on account of their 
great porosity, they are of little use for resisting the corrosive 
action of slags and fluxes, and should not be used in exposed positions 
in furnaces, but only as an intermediate walling, i.e. where their 
surface is protected by firebricks or other slag-resisting material 
on the one side and from the weather on the other. In such cases 
they are very valuable, and are largely used for covering the crowns 
of kilns and furnaces of various types, and as an intermediate 
walling in boiler settings, blast furnaces, etc. A tunnel Idln 
efficiently insulated with kieselguhr on the sides and roof can 
usefully employ 98 per cent of the available heat in the fuel, the 
outside walls having only a ' temperature of 28° C. when that of 
the inside walls is 1250° C. 

Eaeselguhr has been used as an absorbent for bromine for 
disinfecting purposes, and for sulphuric acid. Dry sulphuric 
acid ” is kieselguhr saturated with 3-4 times its weight {i.e. about 
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75 {KM* (KMit) of siil{)huri(‘ acid ; it forms a ioo.s(‘. ]>o\vd(‘r wdiich can 
h(‘ slH|)]H'(i or t rans{)()rl(*(l with far I<‘ss risk of loss or (lamag(^ than 
is tin* cas(^ wh(*n the liquid acid is in contaiiua-s. 

Ki(‘S(*l| 4 uhr is used in th(* manufactur(‘ of ultraimirinr and as 
a Hll(‘r in tin* |u*o<lm*tion of soap and cotton, a,nd rub})(‘r fabric’s. It 
is also (Mnploytal in compositions usckI for prevemtin^^ rot and 
fuiiKii'"^* mild ahra,siv(\ and is uses! for {)oli.shing metals, 

and a,s a- tooth |)ow(h‘r. It is also us<‘d for makiiig imitation 
rn(‘crschaum, in On* |>rcparation of |)aints, as a filtering ngent,, 
and also in the* manufactun* of sodium silicates (wattu’-glass), as 
it is easily act^csl upon by alkali(‘s. 

For use, the* kh’sel^uhr is du^ in srn^h a way as to produce 
rou^h blocks, which arc sta<*k(*d in the* o|K‘n and left until tlu*y 
contain only 15 25 pen* e(mt of waku*. The half“dry mat(‘rial is 
th(‘n taken to the* ^n-inding plant, wIkmk* it is naluceal to penvder 
and may be* dried still furtlun* by |)assinpj warm air through the* 
griruh'r. Artifu’ial drying eloes not aj)p(*ar j)ro(itabI(\ though in 
(California the* blocks ar<‘ <*x|>os(‘d to the* air for 4(b50 days, them 
sawn into bricks ; the* elrying is eomph*t(*d in kilns. If ealeine’d 
kh‘H(‘lguhr is rtupiired, the* grinding may be {jostponed until after 
e.aicinatiem. 

Th<^ calcining is usually <*lTect(*d in small round kilns, but whe*rc 
th{^ out{)Ut is Hufliciently large a continuous shaft kiln is nuu’h more* 
(MH)not!iical. Tripoli and d/o/cran*. mat(*rials sonu^what resembling 
ki(‘H(*lguhr, and art* deuilt with und(*r th(‘ir n*sp(‘('tiv(‘ Iu*adiugs. 

Diatomaceous Ooze is a sili(*(‘ous de|)osit found in the* Arctic 
and Antandiie* regioiis, (*Hj>ecialIy thc! latte*!*. It <‘ontafns a fairly 
large j)ro[)orti<»n of min<‘rai inaitea* d(*|)Osit(Ki by ice*, and also luis 
a variable {proportion of calean*ouH matter, such as foraiiiiniferae, 
but oth(‘r organie* matea-ials an^ v(*ry raren It is of a similar nat ui'et 
to the* diatonjaee*ouH e*arths fepund above^ s(*ad(‘.v(d, ajul, whe*n dry, 
is of a white* or yellowish <*ole)ur, veuy similar to tripoli or kieselgeihr. 

Diluvial Sands are. d(*pemitH formed by the*, aedion of [poweTfuI 
Ktreams, floods, or other unustia'f action epf wateu*. T!!f*y ai’c 
e^xtreunely variable in (Kjinposition and may (Kpntain, in adelition 
to what is UHtially te^rined sand, eonsiehu-able. proportions <pf gravel, 
chalk, lim(*Hton(% and other impuritie‘H. Theur value*, anel uhoh 
(leqxmd tqxui thedr ehernieml <apm{K)sition and {physk'al nature*. 
''.rh(!H(^ sands must not bet etonfuseel with those^ prodtH’e*d by the 
normal action of waUu*, which aim tcrmeul alluvial saneis. 

Dinas Sand is a pale^ ye‘ll()w rnatcu’ial produ(K‘ei from the* elis- 
inte*.gration e)f the^ famepus Dinas quartzite deposits epc.c!urring in 
thes Vale*, of Nc*ath, (Jdamorganshinn The best Hampk‘H of the* 
material (contain 1)8 pern cjent epf silica, I per cemt of ahuuina, arid 
1 per (mnt of iron and other oxides/but a more average! eom|KPHi- 
tion is : 


Silica . . . . 

95 per cent. 

(Uaycy matt<ir 

4. 

. » r ,, 

Fluxing oxidess 

. . 1 
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Dinas sand is largely used for the manufacture of silica bricks ; 
some of these have a world-wide reputation. (See also Quartzites, 
p. 138.) 

Dolomite Sands are deposits caused by the weathering of 
dolomite limestone ; the calcareous material, being soluble in 
water containing carbon dioxide, is removed in solution, leaving 
the more magnesic material behind, together with more or less 
silica sand. In the Paris basin a limestone has been weathered 
in this way, leaving a dolomitic sand in which are embedded 
nodules of unaltered limestone, locally known as tHes de chat. 

Drift is a general term for deposits of detrital materials, and 
may be formed as a result of aeolian, fluviatile, estuarine, marine, 
or glacial action. More often it is applied' to deposits formed as 
a result of glacial action. Eor special kinds of drift sands see 
under Blown Sands (p. 82) and Glacial Sands (p. 115). 

Eluvial Sands and Gravels are deposits of loose aggregated 
material formed by the action of weathering agencies on the rocks 
below them, and should not be confused with alluvial sands, which 
are produced from the same materials, but have been transported 
from their places of origin and deposited elsewhere. 

Emery is not a natural sand, but in the powdered state it is 
used so largely as an artificial sand as to be suitably included here. 
It occurs as a greyish, impure variety of corundum, which consists 
of crystalline or granular corundum mixed with a greater or less 
proportion of iron oxide, chiefly in the form of magnetite and various 
other accessory minerals, including tourmaline, herc3mite, garnet, 
muscovite, diaspore, kyanite, rutile, etc. 

At one time emery was obtained almost entirely from the 
island of Naxos, in the Grecian Archipelago, where it occurs in 
blocks embedded in the soil and also in the crystalline limestone 
of the islands. It is now found in Asia Minor, especially near 
Ephesus and Philadelphia, where it is also partly obtained from 
the loose soil and partly as a rock which has to be mined. 

It is also mined in the United States at Chester (Massachusetts) 
and Peekskill (New York). 

Table XYI.^ shows the chemical composition of the three 
chief varieties of emery. 


Table XVI. — ^Analyses of Emeby 


Source. 

Alumina. 

Magnetic 
Iron Oxide. 

Silica. 

Lime. 

Water. 

Giimach . 

77-82 

8-62 

8-13 

1-80 

3-11 

Xaxos 

68-53 

24-10 

3-10 

0-86 

4-72 

Samos 

70-10 

22-21 

4-00 

0-62 

2-10 


^ Thorpe’s Dictionary. 
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The specific gravity of emery varies slightly in different 
localities. The Samos emery has a specific gravity of 3*98, that 
from Gumach is 3*82, whilst the Naxos emery has a specific gravity 
of only 3*75. 

The emery is first broken by sledge-hammers or powerful 
crushers. Sometimes, prior to breaking, the emery is heated and 
quenched in water or cooled with a blast of air, so as to cause 
strains in the material which facilitate fracture. The broken 
stone is examined, and any useless material picked by hand ; 
the residue is then crushed, washed, and sifted. The smallest 
particles are still further purified by elutriation with water, and 
are thus separated into various grades. 

Emery is chiefly used as an abrasive, its hardness depending 
on its internal physical structure and the manner in which the 
particles are aggregated together. According to L. Smith, the 
texture is of greater importance than the proportion of alumina 
present.^ 

The hardness of various samples of emery as compared with 
sapphire is as follows : 


Sapphire . . . .100 

Gumach emery ... 47 

Naxos emery ... 46 

Samos emery ... 56 


Emery is used in the form of emery-cloth, emery-paper, emery- 
sticks, etc., the powder being glued by some suitable medium 
to the backing or support. It is also used in the form of wheels, 
made by mixing the powder with a binder such as shellac, moulding 
the mixture into the desired shape, and afterwards heating the 
articles in a stove until they are sufficiently hard. In some cases 
emery is bound with a paste consisting of loam and water, but 
such a product would not be suitable for grinding wheels unless 
the loam were of an unusually plastic nature and so fusible that, 
on heating the mixture in a kiln, the loam formed a fused or vitrified 
bond. As loams are variable in composition, artificial mixtures 
of china clay and felspar are generally substituted when vitrified 
emery wheels are to be produced. 

Eocene Sands, see under subdivisions. Barton Bands (p. 82), 
Bagshot Bands (p. 81), BracJclesham Bands (p. 84), Woolwich and 
Beading Bands (p. 168), Thanet Bands (p. 163). Other Eocene 
sands of lesser importance are dealt with on p. 66 in Chapter II. 

Eskers are winding ridges of sand and gravel, the material 
being sometimes irregularly stratified. They appear to be the 
beds of streams which flowed in or beneath a glacier and were 
left when the ice melted. 

Estuarine Sands (sometimes termed muds ”) are produced 
by the precipitation of finely divided fragmental material carried 
down by rivers to the sea. Some of the finest particles of material 

^ Amer. Journ. Science, 1851, ii. 366. 
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in water are in a state of colloidal suspension, and they remain 
in this state on account of the repelling action of the electrical 
charge of each particle. Coarser particles are sometimes kept 
in suspension by being surrounded by colloidal matter. When 
the suspended particles come into contact with the saline matter 
in the sea-water, the charges on them are released and, as a result, 
the particles are flocculated and form larger masses, which settle 
in the bed of the estuary. Eor this reason, some fine material 
settles quite close to the shore, whereas in the ordinary way fine 
particles produced by coast erosion are carried much farther out 
to sea. 

Estuarine sands consist chiefly of very small particles. They 
are frequently laminated, because changes in the speed of the river 
have caused materials of different degrees of fineness to be laid 
upon one another. Lamination is also accentuated in tidal flats 
by the constant covering and uncovering of the deposit by the 
moving water. Whilst silica is the chief constituent of estuarine 
sands, clay is often present, together with a very variable proportion 
of calcium carbonate and organic matter. In some cases, as in 
the Medway and Thames in England, and in the Seine in France, 
these calcareous muds are valued for the manufacture of cement, 
provided they contain sufficient clay. 

The occurrence of estuarine sands in the Oolitic formation has 
been previously described on p. 59. These sands consist for the 
most part of very fine grains of diflerent colours, the beds, on account 
of their fluviatile origin, being very variable and of limited extent. 
They vary in colour from almost pure white to brownish. 

At Huttons Ambo occur beds of various colours from cream 
to yellow and brown, the upper ones containing clay and grey 
carbonaceous matter. They contain, according to Boswell, about 
84 per cent of silica and 9 per cent of alumina, together with about 
1*6 per cent of iron oxide. The lower beds are much purer, con- 
taining only about 0*13 per cent of iron oxide, of which 0-09 per cent 
can be removed by washing. 

At Denford (Northamptonshire), according to Boswell, the 
cream-coloured Oolitic sand contains about 98 per cent of silica 
and 0*06 per cent of iron oxide, whilst at Tadmarton the iron 
content is somewhat higher. 

The impurities present consist chiefly of ilmenite and other 
iron -ores, garnet, zircon, rutile, kyanite, tourmaline, glauconite, 
staurolite, muscovite, and anatase. Serpentine also occurs in the 
Huttons Ambo beds. The proportion of impurities is generally 
fairly low ; Boswell found a total of 0*5 per cent or less impurities 
in the ones he examined. 

Large portions of the beds at Huttons ‘Ambo are quite uniform 
in texture ; according to Boswell, about 85 per cent of the grains 
are between 0*25 and 0*5 mm. diameter, and about 7-5 per cent 
between 0*1 and 0*25 mm. diameter. At Tadmarton the beds 
are similar to those at Huttons Ambo in texture, about 80 per 
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cent of the grains being between 0-25 and 0-5 mm. diameter, but 
at Denford the sand is much finer ; Boswell found that most of 
the grains in the Denford sand were between 0*1 and 0-25 mm. 
diameter. This sand is cream in colour, turning to pinkish when 
burned. 

The Estuarine sands are used for various purposes. The best 
qualities from Huttons Ambo and Denford are suitable for glass 
manufacture, whilst the more highly coloured ones (particularly 
the upper beds at Huttons Ambo, which contain a notable quantity 
of clayey matter) are used in steel works and foundries for moulding 
purposes. 

Some of the better qualities at Huttons Ambo are also used 
for the hearths of open-hearth furnaces. 

Facing Sand is a specially prepared sand which is used to give 
a smooth face to the sand-moulds used for casting metal in foundries. 
It is shaken on to the pattern through a sieve and is afterwards 
rammed until it has a thickness of about one inch. (See Vol. II. 
Chapter VI.) 

Ferruginous Sands are, as their name implies, those rich in 
iron compounds. 

Fire-sand is an artificial sand produced in the manufacture of 
carborundum. (See Carborundum, p. 86.) 

Fluviatile Sands (or River Sands) are those found on the banks 
and beds of rivers, streams, etc., and in situations where ancient 
streams existed (see p. 28). They usually consist of sharp angular 
grains, very variable in size and composition, but excellent for 
mortar, concrete, etc., where the grains are required to interlock 
with each other. They are also useful for filter beds. 

The fluviatile sands in the Thames, near Woolwich, are recovered 
by dredging, and used as moulding sand for brick-making. Fluviatile 
sands are seldom sufficiently pure or uniform in size of grain to 
be used for glass-making. 

Foraminiferal Sands are calcareous deposits of the skeletons 
of marine organisms formed chiefly on deep floors of the sea in 
different parts of the world (see p. 35). They are only of scientific 
interest and have no commercial value. Sands composed of other 
marine organisms also occur in similar localities (p. 35). 

Fusible Sands are those containing a large proportion of fluxes, 
such as lime, soda, or potash, in the form of felspar, mica, or other 
fusible minerals. A high proportion of iron compounds also 
reduces the refractoriness of sands if they are heated in a reducing 
atmosphere. 

Ganister is a slightly plastic, fine, siliceous grit, containing up 
to 10 per cent of clay and forming a compact bedded sedimentary 
rock of very fine granular texture. 

The origin of the term ‘‘ ganister ” is unknown, but it was 
first applied, in connection with steel furnaces, to the fine dust 
carefully collected from the country roads between Sheffield and 
Penistone, which was rightly regarded as of great value on account 
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of its refractoriness. As the demands for this material increased 
much faster than the supply, attempts were made to produce a 
similar material by grinding the rocks used in making the roads. 
Laborious investigations eventually led to the recognition of certain 
outcrops of fine-grained silica rocks as being the most suitable 
for furnace linings, and the term ganister was therefore trans- 
ferred to these rocks. Since then the term has been extended 
(unwisely, in the author’s opinion) to other silica rocks, some of 
which are quite unsuitable for furnaces, and this has led to much 
loss and disappointment. As, originally, the term “ ganister ” was 
applied to rocks of a certain geological horizon, viz. that immediately 
below the Ganister Coal in South Yorkshire and Lancashire, it 
seems desirable to confine it to these rocks. The use of the term 
‘‘ ganister ” for fine-grained silica rocks which lie just above the 
Millstone Grit in other coalfields is open to objection, as the 
properties of "such ganisters are not identical with those of the 
“ true ganister ” of South Yorkshire. The still wider use of the 
term to include siliceous rocks from other geological horizons 
should be avoided as being incorrect and misleading, even though 
such rocks are used for some of the purposes for which true ganister 
is employed. 

The term “ true ganister ” — ^when used in this volume — ^is 
strictly confined to the fine-grained siliceous rocks which lie 
immediately below the Ganister Coal ; other similar rocks are 
termed ‘‘ bastard ganisters.” 

True ganister is extremely hard and difficult to crush, whilst 
some other rocks sold as ganister may be reduced with comparative 
ease to the constituent grains of sand, of which they are almost 
wholly composed. The best ganister appears to be associated 
with an underlying fireclay. 

Only a small part of the so-called ganister group of rocks is 
of value commercially, as the remainder is too impure to be used 
as a refractory material. The outcrops of ganister are specially 
sought, as they enable the material to be obtained more readily 
than from the deeper portions of the same beds. The materials 
from the outcrop are often purer than those obtained from a greater 
depth below the surface. 

The desirable features in ganister used for the manufacture 
of ganister or silica bricks and for lining furnaces are : 

1. The angularity of the grains. 

2. The evenness or uniformity of the grain size. The best 
ganister rocks consist of grains 0*1-0 -3 mm. diameter. 

3. The interlocking of the mass. Rocks with rounded grains 
are generally less pure, less compact, more friable, and more likely 
to have received infiltrated impurities. When the cementing 
material is wholly siliceous, the close interlocking of the grains is 
not so important. 

4. The presence of only a small quantity of interstitial 
matter. 
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Table XVU. gives iigiir(\s whieJi ar(‘. t-ypic'al of the ganisfcr 
ohtaiiK^d from tlu^ elihvf sourei^s of t.his niat(‘r*ial. 

Tabli*; XA'II. Anabysks ok (Ianisthu 



i)iiriiniii 
< Jar lister. 

Hard 

<Jaiiisti-r. 

Sln-llicld 
(ianistvr 
( Lowoixle. 

Sl.clIicM 
< iaiiistcr 
( f lolling). 

lioimy- 
iiuiir 
(t.uilsf cr. 

i.aiXrr- ; 
dykr 

( Jaiii-tiT. ' 

Silica . 

1)7-2 

1)7-1) 

SS-4 

1)7 -S 

HI). 2 

1)7-0 

Alurnina . 

i-r> 

o-r> 

0-4 

0-2 

4-0 

1-5 

lAa'ric. oxide' 

0-5 

0-.2 * 

1-7 

0*2 

2-0 

0-S 

Lini(' . 

0-2 

()•() 

0-7 

0-4 

0-4 

; . . \ 


0-5 



0-2 

0-4 

\ I 

MagaoHia . 


0-2 

O-l 

0-4 


1 • * i 

VVat('r 


0-4 

2-4 

1 

0-7 

2-4 

i . . ’ 

1 i 


''Flu^ oec.urr(^ne(‘ and distribution of th(‘ ganisbu* roeks of Soutli 
Yorkshire^ hav(^ Ixaui dcserilx^d on p. 41). 

Th(^ Sheffield ganistor- — which is th(^ known and thc^ nicKst 
with^ly uh(k 1— vari(‘.H from a pale grey to bulT (colour, th(‘ predominant 
shade Ixnng a ])ale grey. It has an almost (constant composition, 
averaging 1)7*7 per cent of silica, about 0*35 per c(‘nt of alumina, 
and about 0*14 pcir cent of potash and 0*28 pen* (^(*nt of soda, with 
|)ractically no carbonates, and a vciry low ])(‘r(umtag(^ of h^'drtms 
silie.ates. d^hc^ gn^at su|')eri()rity of the Sheffiedd ganistm’ dc‘p<*r)i<ls 
on its physicjal properties rathc^r than on its (‘lumiic^al (*omp()siti(m. 
Its fracture is similar to that of (duat ; wdu^n ground, it fu'caks 
into granular fragments, which int(*rlo(d< readily under slight 
pn^ssurc and c.an (easily b(‘. compacted into a strong mass. Tlie 
grains ar*(‘ irrc^gular in shape and are v(uy snuill, g(aH*raIly b(‘t\v(‘f*n 
0*()5 and 0*15 mm. diameter. A small proportion of (day is pj*(‘.s(‘nt 
and some of the grains an*, usually unit(‘d by a siliceous eeim^nt . 
Hericitic mica is abundant, particularly in th(»- thi(dcer parts of 
the beds, and iron stains are fre(|U(mt, though irregularly dis 
tributed, some portions of the dej)osits bedng almost fnx* from 
iron e.ompounds. Felspar is rarely found, but occurs in Hoim* 
gamsters. Plant - remains and carbonacteous stre aks are very 
common, but do no harm to the material. 

Towards Huddersfield and Ixx^ds th(^ ganister rcxdi is softcu* 
and contains more clayey matter. Tlui texture is Honxnvhat. 
coarse, the grains being generally between ()'()5 and 0*2 mm. 
diameter. The fracture of the rexik is less chesrty and tlx^ grains 
produced by grinding are less angular than in the Bheffiedd ganisba*, 
so that they do not produce such compact linings to furnac’CH 
nor such good bricks. Titanium oxide occnirs fairly abundantly, 
as rutile, anatase, and brookitc. The rocks also contain tnon* 
felspathic material and white mica than in the Bheffield ganiska*. 
Iron compounds are comparatively common in the cement. 

In Derbyshire the ganister rocks are more siliceous and sonu*- 
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■wliat coarser. At Ambergate the grains vary in size between 
0*1 and 0*3 mm. diameter, and a small proportion of heavy detrital 
minerals is present. 

In North Lancashire the ganister is somewhat similar, but 
much inferior to the Sheffield material, and generally contains 
less than 85 per cent of silica. At Rishton the texture is very 
fine, most of the grains being about 0-03 mm. diameter, though 
some are as large as 0*1 mm. diameter. Flakes of white mica are 
disseminated through the rock, and various heavy minerals, includ- 
ing iron-ores, rutile, and tourmaline, occur in the interstitial cement. 

In the Accrington district ganister of rather better quality 
occurs, and is known as Warmden rock ; it contains about 90 per 
cent of silica, 6 per cent of alumina, and less than 1 per cent of 
iron oxide. In South Lancashire the rock is light to dark grey 
in colour, but it is much streaked by carbonaceous matter and 
plant-remains, and contains, on an average, about 88 per cent of 
silica and 7-8 per cent of alumina. In texture it is generally very 
fine, the grains averaging O-I mm. diameter, though some parts 
are composed principally of grains about 0-05 mm. diameter. 
The cement is partially siliceous, but there is also an appreciable 
amount of clay, as shown by the percentage of alumina ; in some 
places its composition approaches that of fireclay. Mica and 
other impurities occur in small proportions. 

Bastard ganisters are often used in place of the true ganister, 
and whilst they resemble the latter in chemical composition, they 
do not possess the same 2 >hysical texture, and the use of the teri7i. 
ganister in connection mth them is best avoided. They may be 
termed “ silica rocks ” or '' sandstones.” 

It is difficult to distinguish some of the bastard ganisters from 
the true ones with the unaided eye, as both may be fine-grained 
and contain abundant traces of fossilised roots and other remains 
of plants. The difference is readily seen when a thin section of 
the rock is examined under the microscope. 

The principal bastard ganisters occur in Durham and North- 
Eastern Yorkshire, South Wales, Lanarkshire (Scotland), and at 
Ballyvoy, near Ballycastle (Ireland). Their distribution has been 
described in Chapter II . 

The Carboniferous Limestone Series contains several bastard 
ganisters, particularly the ‘‘ pencil-ganister ” and the “ Egglestone 
ganister.” 

The pencil-ganister of Durham and North Yorkshire consists 
of a greyish fine-grained rock, streaked with carbonaceous matter. 
In some places, as at Wensley, it has a pinkish tinge, and at Rook- 
hope the upper bed is so darkened by carbonaceous matter that 
it is termed black pencil-ganister. The beds contain a fairly high 
proportion of silica, those at Rookhope having from 97*5 to 98 per 
cent. The texture is generally fine, the grains being from Od to 
0*15 mm, diameter, the Wensley rock being rather finer than that 
in the beds at Eookbope. 
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The black pencil-ganister of Eookhope is very similar to, 
though not quite so fine as, the Sheffield ganister, and is prob- 
ably one of the nearest approaches to true ganister in the 
district. 

The Egglestone ganister, which occurs at Consett, Co. Durham, 
consists of two beds of dirty white or greyish quartzitic sandstone, 
the upper bed being rather coarser than the lower and consisting 
chiefly of grains up to 0-15 mm. diameter. In the lower bed 
the grams are chiefly between 0*05 and 0-1 mm. diameter. The 
cement, though largely siliceous, is rather impure, and abundant 
detrital minerals occur. The upper bed is ferruginous in parts, 
whilst mica is common in the lower bed. It is mixed with other 
silica rocks for use in the manufacture of silica bricks. 

At Daddry Shield the ganister is pale buff in colour and very 
fine-grained, consisting chiefly of grains up to 0*1 mm. diameter, 
though a few may be as much as 0*3 mm. diameter. Heavy 
detrital minerals are fairly abundant ; mica is present in small 
proportions, but felspar is absent. It is used for silica brick- 
making and, with the addition of clay, for ganister bricks. 

In Scotland, bastard ganisters occur in the Carboniferous 
Limestone Series in Peeblesshire and Lanarkshire. In Peeblesshire 
they vary from pure white to dark grey on account of the presence 
of carbonaceous matter. They consist of almost pure silica, the 
rock at Cairn Burn containing 9845 per cent, and that at Deepsyke- 
head' 9944 per cent. They contain practically no felspar or mica, 
though ferruginous and titaniferous impurities are sometimes 
common. These rocks are very refractory (Cone 36-37). Their 
texture is very fine-grained, the particles generally being about 
0*1 mm. diameter. 

In Lanarkshire the rocks are rather coarser and more micaceous. 
In some parts they also contain a considerable amount of calcium 
carbonate, which forms part of the interstitial cement. 

In the Millstone Grit Series the bastard ganisters occur chiefly 
in Scotland. Those mined at Bonny bridge consist of light-coloured 
and somewhat micaceous sandstones, containing 91-96 per cent of 
silica, 0*26-0*30 per cent of alkalies, and 0-045 per cent of lime. 
Eelspar occurs in small quantities in some of the beds ; minute 
particles of mica are, in places, abundant. They are usually very 
fine-gramed, consisting of particles from 0*075 to 0*1 mm. diameter, 
cemented by siliceous and argillaceous material. 

The Scottish ganisters are used chiefly for making bricks, and 
as ground ganister for steel furnaces. 

The bastard ganisters of the Millstone Grit Series in Cumberland 
consist chiefly of thin yellowish-white or pale grey laminated 
sandstones, usually quite soft and friable, and generally containing 
some felspar and mica. Clay occurs in the cement, together with 
heavy detrital minerals. At Branthwaite the cement is partially 
calcareous and dolomitic. Carbonaceous matter occurs in all the 
beds. In texture they are usually flne-grained, the particles 
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varying in size from 0-1 to 0*2 mm. diameter. At Workington most 
of the grains are less than 0*1 mm. diameter. 

The Crowstones of Cheshire consist chiefly of a hard, brittle, 
bluish-grey or buff rock ; in some parts they resemble Sheffield 
ganister, but are much coarser. At Mow Cop, Cheshire, this 
material is pale buff in colour and consists of grains from 0*1 to 
0*2 mm. diameter. A few particles of chert occur, but no felspar. 
The Congleton bastard ganister is very similar to the Mow Cop 
rocks, but felspar is of more frequent occurrence. 

Ridgeway bastard ganister is pale yellowish-grey and very 
fine-grained (0-005 mm.). Detrital minerals, especially zircon and 
tourmaline, are fairly abundant, and iron compounds also occur 
in small proportions. It is very similar to the Durham bastard 
ganisters, but is not so compact as that in the Sheffield district. 

Litchfield ganister is similar to that at Ridgeway, but is more 
micaceous, abundant flakes of muscovite mica being present. 

A bastard ganister occurs in the Cefn-y-fedw sandstone at 
Trevor, near Ruabon, called the Chwarele ganister. It is greyish 
and consists of grains between 0*05 and 0*1 mm. diameter, associated 
with heavy detrital minerals, clayey matter, and sometimes with 
mica. 

The so-called ganisters of the Lower Coal Measures of Durham 
are really bastard ganisters ; they have a rather larger proportion 
of impurities and of alumina than the true ganisters of the Sheffield 
district. None of these ganisters ” possess the same fineness 
of grain or such density and hardness as the blue and black ganister 
of South Yorkshire, though portions of the rocks possess somewhat 
similar characteristics. 

The Durham bastard ganister consists generally of a pale grey, 
fine-grained sandstone, the grains varying in size from 0-05 mm. 
diameter to 0-15 mm. diameter (average about O-I mm.). In 
places they are iron -stained, though generally the iron content 
is low. The proportion of interstitial cement is usually small ; 
it is chiefly siliceous, and the impurities include felspar, mica, 
zircon, rutile, and brooldte, in addition to iron compounds and 
carbonaceous matter. Felspar is generally present in only small 
quantities, but mica is sometimes abundant, as at Ehiitsley Fell, 
Crook, Consett, and Stanhope. Some parts of the beds are very 
free from impurity, especially at Crook, where it consists almost 
entirely of pure silica. At Hamsterley, to the south of Wolsingham, 
the cement is highly ferruginous in some places, though in other 
parts of the same bed it is siliceous. 

The pencil-ganister occurring in the same beds at Crook, 
Hamsterley, and Knitsley Fell is a white or pale grey rock of fine 
texture, most of the grains being less than O-I mm. diameter ; 
the cement is chiefly siliceous and encloses a small quantity of iron 
and titanium compounds and carbonaceous matter. Iron com- 
pounds are concentrated along the joints, giving local iron staining. 
Mica is moderately abundant at Crook. 
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Tii(‘. in this distri('t a.r(^ ('hi<‘fly used for silica, hric^k 

Inanufa(•tu^^ and to so!ih‘ extent for pinistca'-inixtiu’c^ ” foi* us(‘ 
in, st(‘cl works. 

(dossop’s ganistcr {And)<‘r^ai(‘) is a bastard |i;a.nist(n’ <yf a. bluish" 
whit<^ (colour with vauy fin(‘ grains (0*05 nini. dianu^tcu*), containing 
a, consi(l(‘rabl(‘ })roportiori of f(‘rruginous inatt(*r and nius<‘oviti‘ 
inic.a. It is tniicli iron-staincsl along th(‘ joints of tla^ rock. 

Th(‘ bastard ganishu* in tlu‘ Kor(*st of Dcuiii is y<dIo\\'ish iii 
(a)Iour on ac-f'ourit of th(‘ ferruginous nia.tt(‘r ; it is (|uit(* soft and 
(auisists of grains uj) to 0*3 nun. dia.ni<d;(‘r, coa,t(‘d with clay and 
d(H^ply iron-siaiiHMl. In th(^ sanu^ Ixal oc(‘urs a hard(‘r and liner 
grain(‘d rock, (containing nion* hdspar, ft‘rruginous inatbu-, and 
titaniuiu4)(‘aring rnirHU’als, as vv(‘II as niiudi clay. Both IhuIs an^ 
us(‘(l for- ground ganistca*, which is supplical to iron and st(‘(*l works. 

^I'h(‘ njyper EHtiiarinv SvtIv.h has s(‘V(‘raI bisls of bastard ganistcr 
a.rourid Sludlitdd and in North V'orkshin*. ''riius, (UiMlvton nnniMf r, 
found at I)(a‘pcar, n(‘ar Sh<‘in(‘l<h (‘onsists of a lU'arly wiiih^ sand- 
storuc of fiiK^ h’cxtun*, most of th(‘. grains Ixdng about O-lo min. 
(lianudKU’. It has a cconsidiu’abk^ proportion of silict/ous c(‘m(‘nt^ 
and in pla(c(‘s th<* iron oxides givers tlu^ rocck a buff colour. It is 
UH<xl for the manufacture^ of silieca bricks, as a hearth -sand, and 
refrac.tory mortar. 

dlio P(mcilr(janulrr of Gonunondak^. (consists of a dark grey, 
rath(cr hard, Iin(‘“grain(xl, (piartemc^ sandstone, containing muncu’ous 
carbona(c(‘ous strtcaks. It is v(‘ry imptinc, th(^ cccmumt (*ontaining 
iron oxide*, and nii(ca. Most of tlm grains an*. h(*tw(*(*n O-db and 
(>•1 mrn. diani(‘t(‘r. It has only Ixxui useed for tlu^ imuiufacdun^ 
of silicca bricks on a small scal(\ 

'!rh(^ Hard (piniMer at the liases of the Upjxcr Kstuarine S<*ricH 
(•onsists of a, pah^ buff, moderat(?Iy hard ro(ck, having an (*v<*n 
t(^xtur(^ and (consisting of grains averaging 0-2 mm. diamel-er, 
though Kom<c arc* as large as ()•(> mm. (liamchcr. Thee (uunerit is 
a siliexMuiH material (containing grains of iron oxidec and soiiue 
tounnalinec, hut almost fiece from felspar and mieca. Tliis ganist4*r 
is usced |)rinci|:)ally for thee manufacture of silica bricks and also 
for thee hccarths of o|)cm-h(iarth furnaeces. A softcer and rexidish 
bastard gariister, which occurs at some distancee below th(e Hard 
ganist(er, is not UHced (cornnuircially. 

JBVom thee foregoing stateunents it will be*, seecn that of many 
silica roecks only a few deeposits arec (‘ommccrcially va,luahlec m 
ganister, and that this te*-rm relatecs principally to siliceious rocks 
having a spcceial teexturo. This is primarily due to the fine angular 
grains, surrounded by an almost pure siliceaius (cement, of which 
the true ganisters are composed. In other words, th(*. valucc of 
ganister is not characterised so much by its geological location, 
or by the rocks with which it is associatcKi, as by the smallness arnl 
angularity of the grains. 

Ganister is used for a variety of purposes, but chiefly for lining 
metallurgical furnaces and as the chicif constituent of various 
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nioriars, <'(‘ineiits, and “ compositions " uh(‘(I in laying fircbrirks, 
pait-hing kilns, and for foundry work. Lump (junustvr is the 
coarsely cnisluMl ro<‘k which is only used for rough work, (h'annd 
(j{Uilstrr nux<‘d with th(‘. r{‘((\iisit(‘ qua-ntity of watcu’ <’an hc^ usecl 
in any form of furnace* (‘onstnudion wdiieh will peumiit tin* niaieu’inl 
lH‘ing rannn(‘(l around a |)att(‘rn or useal in tlu* form of a past.e*. 
It is largely used in iron-sm(*Iting (‘upolas, BeHsenH*r eonverhu’s, 
and erueihle st(*el furnac^es, and as a moulding sand by Ht(M‘l nuinu 
faettn*(*rs. (LinlHlvr bricku are nuaddeal out of a [)a.st.(‘ mack* by 
mixing ground ganistca-, linu*., and watcu*. (luniutcr ttuxturv, 
pufj fjafii.Hvr, or crynipo is a mixture of ganister and 5 20 per e(*nt. 
of lins'lay ; it is us(*d for lining furnaec^s and for g(‘nc*ral foundry 
use, ami also for })at(*hing and repairing kilns, furnaca's, cupolas, (*te. 

PurarmicJum is an artificial ganistcu* consisting of powden*d 
quart/i, with about 10 |)cr cent of (day a,nd a littk* \cal.(‘r glass. 

Silica crmmLs an*, made*. l)y mixing ganistc'r, silica, ro(‘k, or oth(*r 
siIie(*ous material with a binding ag(‘nt/ such as fireclay or wai(*r 
glass. 

Ganister Sand is a term usc^d for the* sands occurring in thc^ 
pocket clays of l)(*rhyshir<^ Such sand bears some* n ‘semblance* 
to crushcai ganisteu*, l)ut is s(ddom usc^d iri t-lu* mariufaclairc* of 
jmn^ silica bricks. It is oft(*n mixed with (day and us(*d for H{‘mi 
silica hri(dvs, for whicdi it is v(‘.ry suitabk*. (S<‘(^ also Lockcl 
SarulM, 124.) 

Garnet oc(*urs in cubic. (Tvstals having a Hfxadflc gravity of 
2*44*2 and a hardn(*Ks of i>h-7L It is g<m(‘rally naldish in eokmr, 
tliough (bdl gr('(‘n, emcu'ald gr(*(m, yedlow, and hlacdv vari(*i-i(‘H 
also occur. In comj)osition, gariu^t is an alurnino-silicaf c* of (‘alcium, 
magne^sium, iron, or mangan(‘H(;, or a silictatc^ of calcium and iron, 
or calcium and (diromiurn, or combinatioim of any of the above* 
subBtan<^(‘H, Thc^se diffcrenceK in comf)osition giv(‘ rise* to various 
kinds of garmds, the chief bcung almandim% lu^ssonite*, sp(*HHart iie, 
f)yrope, rhodolite, and domantoid. 

Ahiandiwi is a purplish-nul vari(‘ty found in the alluvial 
deposits of (!(*.ylon and Minas Novas in Bra/Jl, in tJu* mica schists 
of Kirshangarh and »lai'pur States of India, and in gn(*iss(‘s, s(du‘.sf.s, 
and granit(*s in North Arnericai, particuhirly in tlu^ Adiromhu'k'i. 
llemonitc is a ])al(5 ))rown or yedlowish-rcal variety found in the 
g(‘m gi’avcds of Matura distrust, (kylon. Spc.smrfifc is a red <*r 
brownis}i-r(‘d garru't whicdi occurs in assoedaiion with mica, in flu* 
gra,nit(‘s of Amelia in Virginia, IJ.S.A., and in tlu* gem gravels 
of C-tylon. I^yrcype is a (jrimson garmd* f(»uml in }H»ridotit(‘ ami 
H(‘rp(‘ntin(^ rocks of Northern Bohemia, and aJIuvial gravels at 
Santa hV* in New Mc^xieo and North- Eastern Ari/.omi, wla-re it is 
known as th(^ “ Arizona ruby.” In South Africa,, wlH‘re it, ocr-urs 
assoeiat.(‘d with Kimlxirlitcq it is known as ” (‘ap(‘ ruby.’* li/ioflfflii* 
is a pak* n*d or viok^t-eolourcd garti(‘t found with rubies in .\bic<m 
(fourity. North (Wolina, and at Ihwvah^gama in (‘(y lon. 
is a yedlow or cm(‘ral(l-gn‘(ui garric^t which oceurs in s(*rpcntinc 
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at liohrovka. in th(^ UraJ Mountains, assooijitc'd with clirysotilo 



aslx-istos. M ('lanifr is a. I)la(^k ^ar'uct coutairiiM^ tiianiuin conipounds, 
and is found in sycniitrs and |)lion<)Iiic‘s. Topazoltla is a liorn^y- 
(;()loin*{‘d <i;a.rn(‘t. 

Small (juantiti(\s of jy;arn<‘ts an^ v(*rv wid(dy distributes!, Ifn* 
ohi(‘f souns's Ixarig Inelia, ( Vylon, th(^ Unitesl Stat(‘s, Brazil, vSpain, 
and Ivussia. 

(birn(‘ts a.Iso oesair in VVaiTem (k)., N(‘w York, asso<aat(‘d vvitli 

hornbI('nd{‘ and fol" 
spar, from wliich tlioy 
ar(‘ r(‘ moved by wed* 
eon (*(‘ntr addon. A 
granite rock (’oniain 
in|j; 40-50 [hu* eemt* of 
^a,rn(^t oc'eurs in 
M(‘rrima(* (’o., Nd'W 
H am [)s!ur(‘, to^^edJier 
with (pnirtza-nd biotite 
mica, frorii whieh it. is 
s(*parat(‘d by erushini^, 
senxminpj, and dry eon 
eemtration. In 'Tni” 
vantton^ India, garnet 
is abundant in the* 
lH‘a.eIi and riv(*r sands, 
whilst in Aimer in, 
Spain, it is also fotuid 
in alluvial deposits. A 
Kkj. :J.-4kmc*.twind. :< 2(1 tyi)i('al garnet sand is 

shown in Fig, 2. 

d'h(^ Iin(‘st garn{‘tH are usesl as geun stones, whilst the*- inf(‘rior 
vari(di<*H an^ usexi as ahrasiv<\s ; the latteu* are^ ehi(‘fiy de^riveni frenn 
India, S[)ain, and Amewieai. 

Gamed/ is sufKnior to sand as an abrasive, but is inhador i(i 
cmriery in hardness. The*- powdea* is used for eaitting genus and is 
also applied to pafKw, and so use^d for smoothing woodwork, sc'emririg 
leathcu’, etc*-. In isd)rth America it larg(*ly rc‘plae(‘s c;mcu*y. 

Gas Sands arei thewe containing or yif*.lding a natural gas. 

Gem Gravels and Sands e)f grenit taxaiomie^ importanex* are* 
produced by the*, cjoncemtration ed heuivy rninc^rals within a small 
arexi by means of the*, action of wat(‘r wdiicdi tc^nds to e.arry <dT t-he* 
smaller partick^s and those of low spexdfic gravity, l(*aving a n^sidne 
rich in. the minerals of higher specihe, gravity. The*. {H*in(‘ipal 
deposits are those containing diamonds, rubies, sap|)hire%s, and 
emeralds. 

IHamml beds are the most important of sucdi placxw eleposits 
containing valuable geuns ; they an^ wid(ily distributed, though 
in most placets the proportion of diamonds is too low to rnaket thedr 
recovery profitable. The oldest diamond workings known arc in 
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some of the river gravels of India, particularly at Nizam in the 
Madras presidency, at Sambalpur and Warragarh in the Central 
Provinces, and at Nagpur and Panna in Bundelkhand. These 
world-famed Indian deposits now contribute little to the present 
supply. 

The South American gem sands in the States of Minas Geraes, 
Goyaz, Bahia, Matto Grosso, Parana, and Sao Paulo form an 
abundant source of diamonds. In Diamantina they occur in 
detritus from micaceous sandstones containing quartz and clayey 
matter with pyrites and tourmaline, but in other localities the 
diamonds are associated with gold, monazite, rutile, anatase, 
brookite, magnetite, haematite, ilmenite, etc. In the State of 
Bahia most of the diamonds are of the carbonado variety. 

Africa now provides the greater portion of the world’s supply 
of diamonds, which are obtained partly as gem gravels and sands 
and partly from mines in intrusive igneous rocks. In the Vaal 
River basin on the Great Namaqualand coast of South-West Africa 
the diamonds are scattered through sand and gravel, though in 
some places they have been concentrated by the action of winds. 
These deposits consist chiefly of lava, agate, chalcedony, jasper, 
and quartz. The diamonds occur in association with ilmenite, 
garnet, zircon, mica, and a banded rock termed ‘‘ bantam,” which 
is really a spessartite-andalusite rock. On the west coast of Africa, 
in the bed of the river Jiblong, large quantities of diamonds are 
found associated with kyanite, corundum, zircon, diopside, rutile, 
chromite, magnetite, ilmenite, haematite, limonite, pyrites, and 
gold, these deposits having been derived by the concentration of 
heavy minerals from disintegrated metamorphic rocks 

The greater proportion of the diamonds in South Africa are 
obtained by mining an altered basic igneous peridotite, known 
as ‘‘ blue ground ” and yellow ground ” according to its colour, 
which indicates the extent of its decomposition, the blue ground 
being the least weathered. This rock is probably of Lower 
Cretaceous age ; it occurs in large pipes and dykes, the diamonds 
being associated with serpentine, ilmenite, garnet, diopside, 
enstatite, phlogopite, picotite, and zircon. The principal pipes 
are around Kimberley, some being as much as 260 yards wide 
at the surface, though the width decreases with the depth. They 
have been worked to a depth of over 3500 ft. The average yield 
is about 200 milligrams of diamonds per ton of good rock. The 
yellow ground having been more weathered than the blue ground 
is easy to work, being quite friable and equally as rich in diamonds. 
The origin of the Kimberley diamonds is obscure ; possibly the 
carbon was derived from deep-seated basic igneous rocks and 
crystallised out as the pipes cooled down. Other diamond mines 
in South Africa occur in Griqualand West, and at Jagersfontein 
and Koffyfontein in the Orange River Colony. 

In Australia diamonds are found in drift gravels on the Cudegong 

1 Hatch, GeoL Mag., 1912, 106. 
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river, near Mudgei, and at Bingera and Inverell in New South 
Wales, and rarely at Echunga in South Australia, and at Beech- 
worth in Victoria. 

Diamonds are found in association Mth gold in North Carolina, 
Georgia, and California, and with platinum in Oregon, and also 
in an altered intrusive peridotite near Murfreesboro, Arkansas. 
In British Columbia small crystals are found associated with 
chromite in peridotite at Olivine Mountain. 

In Borneo diamonds are found in alluvial clays, river sands 
and gravels, and also in an Eocene conglomerate. The gems 
are associated with corundum, pyrites, gold, and platinum, the 
matrix consisting chiefly of quartz, together with some fragments 
of igneous and metamorphic rocks 

For information on the properties and uses of diamonds see 
under DiamoTid, p, 96. 

Rubies and sapphires (corundum) usually occur in association 
with spinel and quartz, and, on account of their highly resistant 
character, are very often found in river sands and gravels produced 
by the disintegration of older rocks, and by the concentration 
of the heavy minerals. Sapphires are found as rolled crystals 
and pebbles in detrital deposits in Ceylon, and with rubies in Upper 
Burma. In Ceylon they occur in association vdth zircon, 
tourmaline, spinel, corundum, garnet, ilmenite, rutile, chrysoberyl, 
geikielite, picroilmenite, thorianite, thorite, monazite, fergusonite, 
and baddeleyite. Cassiterite and gold occur to a very limited 
extent.^ 

Large sapphires are found in the Zanskar range of the Himalaya 
Mountains, whilst dark-coloured stones occur in the province of 
Battambang in Siam. 

Rolled sapphires are also found in placer deposits near Helena 
in Montana, U.S.A., in Brazil, and in the gold drifts of New South 
Wales and Victoria. 

Rubies are distributed less widely than sapphires. The most 
important source of rubies is Mogok in Upper Burma, where they 
occur in placers (known locally as byon) which have been produced 
by the disintegration of a white crystalline limestone interfoliated 
with gneiss. The so-called Australian rubies, Adelaide rubies, 
and Cape rubies are usually garnets. 

Artificial rubies may be made by fusing alumina and red lead 
- together with 2-3 per cent of potassium bichromate in a fireclay 
crucible. Sapphires are made in the same way, but with the addition 
of a little cobalt oxide. Gems of superior quality are obtained 
by fusing small quantities of the same materials in an electric arc, 
the gems being built up ’’ as successive layers are fused on to 
the primary particles. (See also Corundum, p. 93.) 

Other gems found in sand and gravel deposits include andalusite, 

^ Borneo : Its Origin, and Mineral Resources, trans. from German by 
F. H. Hatch, London, 1892, p. 385. 

^ Ceylon Administrative Reports, 1903-1909. 
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which is associated with topaz in Brazil placers, chrysoheryl, which 
occurs in association with amethyst, tourmaline, garnet, spinel, and 
topaz in Brazil and Ceylon, and cordierite and zircon, which also 
occur in Ceylon. 

Garnets are described separately. (See Garnet, p. 111.) 

Glacial Sands are really of duvio-glacial origin, and appear to 
have been formed by the action of water derived from the melting 
ice upon the materials brought down as a direct restilt of ice action. 

Glacial sands are generally brownish in colour, though this 
is not always an indication of a large percentage of iron. In many 
cases it is due to the presence of a peaty matter which tends to 
reduce the proportion of iron (see Carbonaceous Sands, p. 90). 
The glacial sands between St. Helens and Ormskirk (Lancashire) 
are of this character, the proportion of iron, according to Boswell, 
being only about 0-05 per cent, although they are dark brown in 
colour. The percentage of silica in these sands is 96*-97 per cent. 

Glacial sands are generally rather coarse and irregularly graded. 
Boswell found that the majority of the grains are between 0-25 
and 0-5 mm. diameter, the deposits between St. Helens and Ormskirk 
containing about 12 per cent of particles smaller than 0*25 mm. 
diameter, whilst those of Scunthorpe, Lincolnshire, contain 7*6 per 
cent smaller. Some, however, are much finer, those in Durham 
containing 63-4 per cent of grains between 0*1 and 0*25 mm. and 
32*9 per cent still smaller, whilst the sands at Liston, Suffolk, 
contain 47 • 8 per cent smaller than 0 • 1 mm. The grains are generally 
fairly angular, as little rolling or rounding action has accompanied 
their formation, the movement being more of a sliding nature 
which tends to produce angular grains, whilst the distance traversed 
is not sxifficient to rub off the sharp corners. Glacial sands are 
much less regular than those formed wholly by running water. 
In some cases rounded grains do occur, but these are often derived 
from previously existing sedimentary rocks. In Cumberland and 
Lancashire deposits of this kind occur, the material having been 
derived from the Trias and other more ancient formations. Glacial 
sands usually occur in association with boulder clay. They often 
occur in lenticular masses in the clay, and consist of angular grains 
of quartz, together with variable (sometimes large) quantities of 
heavy minerals, including garnet, iron ores, tourmaline, hornblende, 
augite, hypersthene, zircon, rutile, kyanite, staurolite, and a small 
amount of andalusite. 

Glacial sands are used for various purposes. Some of the 
purest glacial sands of Lancashire and of Ireland are used for the 
manufacture of glass bottles, and those of Ipsvdch for steel casting. 
The less pure and inferior sands are used for building and other 
purposes for which a pure sand is unnecessary. Those of DmLam 
and Scunthorpe (Lines) are used as moulding sands. 

Glass Sands are those used in the manufacture of various kinds 
of glass and are usually very pure, containing at least 98 *5 per cent 
of silica and little or no iron compounds. 
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Table XVIII., compiled by Boswell, shows the geological 
position of the principal glass-making sands in this country. 

Table XVIII. — ^The Distribution of Glass Sands 


Geological Position. 


Name of Sand. 


Locality. 


Shore and Blown 
Sands. 

Glacial . 

Upper Eocene 


Lower Eocene 
Lower Cretaceous 


Middle Oolite 
Lower Oolite 

Upper Trias . 

Lower Trias . 
Carboniferous 


Lower Ordovician 
Doubtful Age (pre- 
Glacial) 


Headon Hill Sands 
Barton Sands 

Thanet Beds 

Lower Greensand 


Tunbridge Wells Sand 
Ashdown Sands 

Kellaways Beds 

Upper Estuarine Beds 
Lower Estuarine Beds 

Keuper Waterstones 

Lower Bunter Sands 
Coal Measures 
Carboniferous Lime- 
stone 
Arenig 

Pocket Sands 


Crank, Rainford, etc. (Lancs). 

Alum Bay, Isle of Wight, etc. 

Fordingbridge (Hants), Long- 
down, New Forest. 

Charlton (Kent), Rochester 
(Kent). 

Aylesbury (Bucks), Ayles- 
ford (Kent), Godstone 
(Surrey), Hollingbourne 
and Bearsted (Kent), 
Leighton Buzzard (Beds), 
Lynn (Norfolk), Oxted 
(Surrey), Reigate (Surrey). 

Ashurstwood (Sussex). 

Fairlight and Bulverhyth 
(Sussex). 

Burythorpe and South Cave 
(Yorks). 

Huttons Ambo (Yorks). 

Corby (Northants), Denford 
(Northants). 

Spital (Cheshire), Alderley 
Edge (Cheshire). 

Worksop (Notts). 

Guiseley (Yorks). 

Mold (Flintshire), Minera 
(Denbigh). 

Stiperstones (Shropshire). 

Parsley Hay (Derbyshire), 
Brassington (Derbyshire), 
Low Moor (Derbyshire), 
Ribden (Staffs), Abergele 
(Denbighshire), Rhes-y-cae 
(Flintshire), etc. 


The chief of the beds mentioned occur in the Lower Cretaceous 
formation, and comprise the Lower Greensand, Tunbridge Wells 
Sands, and Ashdown Sands. These beds are used for the best 
quality of glassware, the other formations in most cases being 
only suitable for inferior glass. For further information on glass 
sands see Vol. II. Chapter XII. 

Glauconitic Sand is so called on account of the presence of the 
mineral glauconite, an amorphous, granular, or earthy hydrous 
potassic-ferric silicate of very variable composition, frequently 
containing also alumina, magnesia, and lime, found exclusively 
in deposits of marine origin, as in the Greensand beds of the 
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Cretaceous System. Pure glauconite is green in colour, but the 
sand-beds are not necessarily green, as iron and other impurities 
sometimes give them a brown colour which masks the green of the 
glauconite. 

Glauconitic sands are sometimes used as fertilisers on account 
of the phosphatic matter they contain, and also for recovering 
potash, but otherwise they are of no special use. 

Gold Placers are alluvial deposits of sand and gravel containing 
a large proportion of heavy minerals, including metallic gold. 
They are more widely distributed than any other valuable mineral 
placers, and are formed in two ways : (i.) by surface denudation, 
whereby the rock containing the metallic gold is disintegrated and 
the lighter material carried away, leaving a concentration of heavy 
minerals, either on the surface of the rock or at the bottom of some 
slope in the vicinity ; (ii.) by fluviatile action, whereby much of 
the lighter materials have been removed and the heavier ones 
concentrated in river beds and lakes. The most important deposits 
are those of the second class, the gold being usually most abundant 
amongst the coarser gravels at the base of the deposits. In some 
cases natural riffles are produced by the upturned edges of rocks, 
and in the beds of clay or sand cemented by iron compounds which 
sometimes alternate with the gravel beds. 

Gold usually occurs in association with heavy detrital minerals 
such as magnetite, ilmenite, haematite, chromite, garnet, zircon, 
spinel, etc., forming what are known as ‘‘ black sands ” (p. 82). 

The gold consists of grains of various shapes, some being thin 
scales or flakes, whilst other grains are rounded or irregular. Their 
size varies from that of the finest dust to large nuggets or pebbles.” 

Gold placers are chiefly found in the Recent and Pleistocene 
deposits of California, Alaska, Australia, and Siberia, but they 
also occur in many other geological formations, as on the Gold Coast, 
Africa, and also in the Transvaal — where gold occurs in ancient 
placers which have been consolidated and afterwards covered by 
other beds — in Russia (Ural Mountains and Siberia), and in Canada, 
particularly in British Columbia and Nova Scotia. Very small 
quantities of gold have been found in various localities, including 
Wales, and even sea-water retains a small proportion in solution. 

The gold drift deposits of Australia consist of gravels, sands, 
and clays, placed quite irregularly and containing large boulders 
of quartz surrounded by gold-bearing stod and gravel. 

In California the gold-beds lie at the base of the western 
flanks of the Sierras and consist of loose sand and gravel, covered 
by sheets of basalt and extending sometimes to a height of 2000 ft. 
above sea-level, with a thickness of 200 to 600 ft. The upper 
part of the beds consists of a reddish loam mixed with small gravel, 
below which is a coarse gravel with numerous boulders chiefly of 
quartz. The gold is scattered through the gravel, but is found 
chiefly in the lower part of the bed. 

Gold-bearing beach sands are due to the movements of the 
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sea having concentrated the heavy particles and separated much 
of the lighter material. The gold in these deposits is usually 
associated with a black iron-sand, though in some places, as at 
Cape Yagtag (Alaska), garnets replace the iron-ore. Beach placers 
also occur in New Zealand, Oregon, and Chile. 

The sand is of no serious value when the gold has been removed, 
and prior to its removal the value of the sand is solely dependent 
on the cost of extracting the precious metal. It is obvious that 
if 1 oz. of gold costs £4 to recover in a pure state whilst the market 
price for the metal is below this figure, the sand under consideration 
is of no value as a gold-bearing material. 

Green Sands are chiefly due to the presence of the mineral 
glauconite as a film or coating on the grains of quartz and other 
minerals present. It may also be due to the presence of an 
exceptionally large proportion of certain hydrous magnesian 
silicates such as chlorite, talc, or serpentine. Hornblende, olivine, 
etc., may also give a greenish tinge to sand, though usually they 
are so easily decomposable that they are removed from the sands 
by various natural influences. 

Greensand is the name applied to the marine beds lying below 
the chalk of the Cretaceous System. It takes its name from the 
green grains of the glauconite (p. 180) which it contains, but the 
name is somewhat misleading, as the general colour of these sands 
is brown. The occurrence and distribution of these beds have been 
described on p. 61. The Lower Greensands are of great com- 
mercial importance and include the Eolkestone, Aylesbury, Leighton 
Buzzard, and Sandringham sands. 

The Folkestone Beds, which are the highest in the Lower Green- 
sand, consist of white or cream-coloured sands containing about 
99 per cent of silica. The purest beds occur at Godstone in Surrey, 
where some of the sand is almost pure white, though in places it 
is contaminated by iron stains. According to Boswell, the best 
qualities contain about 99-56 per cent of silica and 0*06 per cent 
of iron oxide. The iron-content is rather high at Godstone, com- 
pared with parts of the bed in other localities, but the Godstone 
sand is more uniform and even-grained. At Reigate the pro- 
portion of silica is rather lower, but the percentage of iron is only 
0-02. This is due to the fact that the iron compounds are con- 
centrated into patches, thus leaving the rest of the material with 
a smaller proportion of feri'uginous matter. A small quantity 
of calcareous matter is also present in the Reigate sand. At 
Westerham (Surrey) the beds are rather impure and of inferior 
quality. At Hollingbourne, Bearsted, and Aylesford in Kent the 
iron-content of the best portions of the beds is about 0 *04 per cent, 
the general colour being from nearly white to cream, the latter 
predominating. Both the Reigate and Aylesford sands contain a 
small quantity of calcareous matter. At Rogate (Sussex) calcareous 
matter occurs in patches in the sand. 

The principal mineral impurities in the Polkestone beds are 
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common to most Greensand beds and are principally tourmaline, 
kyanite, staurolite, ilmenite, zircon, rutile, and limonite. Muscovite 
mica also occurs to some extent. The proportion of heavy detrital 
minerals is generally quite low. At Hollingbourne and Bearsted, 
Boswell found less than 0*03 per cent of such minerals present in 
the sand. 

The texture of the Folkestone beds is generally fairly uniform 
and fine. According to Boswell, at Hollingbourne and Bearsted 
about 94*6 per cent of the grains are between 0-25 and 0*5 mm. 
diameter. At Aylesford, Reigate, and Godstone a rather larger 
proportion of finer grains occurs, about 14*5 per cent of grains 
between 0-1 and 0*25 mm. diameter being present in Reigate sand, 
16 per cent in that at Aylesford, and nearly 26 per cent in that 
at Godstone. At Oxted and Limpsfield the beds are rather coarse, 
there being about 12 per cent of grains over 0*5 mm. diameter 
and little more than 1 per cent under 0*25 mm. diameter. 

The amount of fine ‘‘ clay ’’ present in the beds varies in 
different localities. In most cases Boswell found less than 0*5 per 
cent, but at Reigate about 2 per cent is present. 

The Folkestone beds are used for various purposes according 
to their purity. The best qualities are used for glass-making. 
The Reigate sand is used principally for sheet glass and laboratory 
glass-ware. Common glass has been made from the deposits at 
Hollingbourne and Bearsted, but at present they are not used. 

The poorer qualities of sand, which contain a higher proportion 
of iron, are used for building purposes, abrasive soaps, and as 
silver sand. 

The Aylesbury Sand is one of the whitest and purest sands in 
this country ; it occurs in beds about 18 ft. thick, in association 
with iron and carbonaceous matter, these materials splitting the 
white sand into beds 4-6 ft. thick. Aylesbury sand is very similar 
to those of Fontainebleau (France) and contains, according to 
Boswell, 99*8 per cent of silica and only 0*03 per cent of iron oxide. 
The usual mineral impurities of the Greensand formation are 
present in small quantities. It is very uniform in texture, over 
78 per cent of the grains being between 0*25 and 0*5 mm. diameter, 
whilst about 15 per cent are between 0*1 and 0*25 mm. diameter, 
and about 6 per cent between 0*01 and 0*1. A typical micro- 
photograph of Aylesbury sand is shown in Fig. 4. It is chiefly used 
in the manufacture of flint glass. 

The Leighton Buzzard Sands vary from nearly pure white to 
pale yellow sands associated with carbonaceous matter to highly 
ferruginous deposits. The best beds of pale sand ”* contain, 
according to Boswell, about 99*6 per cent of silica and 0*2 per cent 
of iron oxide. The impurities present are practically the same 
as in other Lower Greensands. 

The texture of the Leighton Buzzard sand is somewhat coarse ; 
Boswell found that 20-50 per cent of the material consists of 
grains between 0*5 and 1 mm. diameter, and 17-86 per cent 
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between 0-25 and 0-5 mm. diameter. There is practically no 
clay ” present. It is a very pure sand from a mechanical 
standpoint, there being sometimes only 0*1 per cent of material 
which is not true sand. 

The best qualities of the Leighton Buzzard sand are used for 
glass -making. The coarser sands are principally used for filtering 
pur]30ses, the manufacture of concrete, and for grinding, whilst 
the parts which contain too much iron to be used for other purposes 
are suitable for building. Some of the sand is used for casting 
in foundries. 

Lynn or Sandringham Sand is found in the Lower Greensand 
beds to the east of the Wash in Norfolk (p. 64). It occurs in 
the Sandringham sands formation, and is worked at various places 

around King’s Lynn, 
including Middleton 
and Gay ton. The sand 
varies in colour from 
grey to reddish, the 
purest beds containing, 
according to Boswell, 
about 99 per cent of 
silica and 0-04 per cent 
of iron oxide, and are 
thus rather richer in 
iron than the Ayles- 
bury sands. Lynn 
sand is also rather 
coarser, most of the 
grains being between 
0-25 and 0*5 mm. 
diameter. 

The texture of 
Lynn sand is very 

Fig. 4. — Aylesbury high silica sand, x 20. remarkable. Accord- 
ing to Boswell, it is 

the most even-grained glass-sand in the country, especially that 
found in the vicinity of Middleton, which contains about 95-1 per 
cent of grains between 0-25 and 0-5 mm. diameter. It is rather 
richer in iron than may be desirable, but is highly valued. The 
heavy detrital minerals present are characteristic of the Greensand 
formation generally, though Boswell states that the deposit is 
rather richer in felspar than most of the Greensands and that 
garnet occurs to a small extent. 

The Lj^ sand is very uniform in quality. It is used for various 
purposes, including foundry moulding, building, glass-making, etc. 
The purest beds are used for glass ; some of the red sand which 
occurs extensively in these beds is used in the manufacture of 
black bottles, whilst the pale sands are used for window-glass, 
plate-glass, laboratory ware, electric lamp bulbs, bottles, etc. 
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' Near Gayton the sands are more felspathic and contain only 
about 97 per cent of silica. The proportion of iron compounds 
is also considerably higher, being almost 0T9 per cent, and rather 
less true sand is present. Glauconite is disseminated through 
the sand usually as a coating over the silica grains, but in places 
it is concentrated into greenish seams. The Gayton sand is largely 
used for the manufacture of glass bottles and also for the hearths 
of Siemens open-hearth furnaces. 

Grey Sands are of no particular value, but if their grey tint 
is due solely to carbonaceous matter and the sands are otherwise 
pure they may be used for glass-making, foundry-work, etc. A 
grey sand should always be tested for calcium carbonate prior 
to making an extensive examination, as limestone dust is of little 
value except in coal mines. 

Hastings Sands comprise the beds between the Purbeck strata 
at the top of Oolite formation and the Wealden beds. They include 
the Tunbridge Wells sand, Ashdown sand, and Pairlight clay, 
and occur in the north-east of Sussex and the south-west of Kent. 
Their occurrence and distribution have already been described 

(p. 61). 

The Tunbridge Wells Sand occurs at the top of the Hastings 
beds immediately below the Weald clay in the neighbourhood of 
Tunbridge Wells (p. 61). It consists of a creamy -wliite sand 
containing, according to Boswell, about 99 per cent of silica and 
0-01 per cent of iron oxide, the colour deepening slightly on burning. 
About 85 per cent of the grains are between 0*1 and 0*25 mm. 
diameter, and there is rather a higher proportion of dust than in 
the Ashdown sand, which occurs in the same formation, the 
proportion of grains less than 0*01 mm. being 2 *5-3*0 per cent. It 
also contains a rather larger percentage of heavy minerals (about 
0*24 per cent), the principal ones found by Boswell being zircon, 
rutile, ilmenite, and tourmaline. Muscovite flakes, glauconite, 
and anatase also occur in small quantities. In places, the sand 
is hardened, forming a soft sandstone as at Ashurstwood, near 
East Grinstead. 

The Tunbridge Wells sand is used for glass manufacture. 

Ashdown Sands form one portion of the Hastings beds and 
occur chiefly around Fair light and Hastings in association with 
lignite (p. 61). The sand is pure white and contains less than 
0*02 per cent of iron compounds, this very low figure being due 
in all probability to the reducing action of the carbonaceous matter 
usually associated with the sand, whereby the ferrous salts are 
largely removed in solution by percolating w'aters. Boswell gives 
the following chemical analysis of the sand near Hastings : 

99-47 per cent 
. 0-24 „ 

. ' 0-002 „ 

0-29 
trace 

0-20 per cent 




Alumina 
Ferric oxide 
Lime 
Magnesia 
Loss on ie^-nition 
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This sample is almost as pure as the best Fontainebleau sand ; 
on burning, it has a slightly pink colour. It is very even-grained 
and consists for the most part of grains between 0*25 and 0*5 mm. 
diameter, there being only 16 per cent smaller than 0*25 mm. 
According to the mechanical analysis by Boswell, there is about 
99*8 per cent of true sand (i.e. grains between 0*1 and 0*5 mm.) 
in the deposit. This consists chiefly of fine quartz grains together 
with a very small proportion of heavy minerals (about 0*01 per 
cent), including magnetite, limonite, ilmenite, chiefly altered to 
leucoxene, brown tourmaline, zircon, rutile, and muscovite. 

At Bulverhythe the sand is very similar to that previously 
described, but is rather richer in iron compounds. Boswell found 
that the grain-size of the bulk of the deposit is approximately 
the same, but there is a greater proportion of both the finest and 
coarsest grains, the total percentage of particles between 0*1 and 
0*5 mm. being about 99 per cent. 

Ashdown sand is largely used for glass manufacture, some 
parts of the beds being equal in quality to the best French glass- 
sands. 

Infusorial Earth is a sand consisting of the siliceous remains of 
diatoms and other living creatures. (See Diatomaceous Earth, p. 96). 

Iron Sands are black and brown sands which are rich in iron 
compounds. Black iron sands containing the magnetic iron oxide 
occur on the shores of the river Natashkwan, which flows into the 
Gulf of St. Lavrence about 530 miles north-east of Quebec. The 
sand occurs in patches in the dunes and sandy beaches on a long 
peninsula between the river and the sea, to the north-east of its 
mouth, and continuing for a distance of six to eight miles eastwards 
along the coast. The iron-bearing material has been concentrated 
by the action of the river’s normal current, the incoming tide, the 
outgoing tide, and the winds blowing either up or down stream. 
The crude sand contains about 14*7 per cent of iron oxide and 
4-43 per cent of titanic acid. The deposits have not been worked 
to any great extent, but an investigation was made upon them 
in 1913 by the Canada Department of Mines, Ottawa. Ferruginous 
sands occur in the beds known as Northampton Sands (p. 59) 
and are in some cases used as a source of iron-ore. 

Other iron sands have not been fully investigated, but unless 
they are as rich in iron oxide as a good iron-ore they are of no value 
as a source of that metal. Usually, they can only be used for 
building and agricultural purposes. 

The presence of iron sands in other purer sands is a serious 
detriment to the latter and one of the chief reasons why so many 
sands are of no serious commercial value. A typical iron sand is 
shown in Fig. 5. 

Jurassic Sands, see Oolite Sands (p. 132) and Lias Sands (p. 124). 

Kellaways Sands occur below the Oxford Clay of the Oolitic 
formation. Their occurrence and distribution have already been 
described on p. 58. They vary in colour from nearly white to 
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brownish, a pale browa being the predominant tint. ‘ The pro- 
portion of iron oxide varies in. different localities. At Burythorpe, 
near Malton, Yorks, up to 0*22 per cent together -with about 
1*6 per cent of alumina and some quantity of calcareous matter 
was reported by Boswell, who also found that the mineral impurities 
present in the Kellaways beds are t 5 rpical of the Inferior Oolite 
rocks, and consist chiefly of magnetite, ilmenite, garnet, rutile, 
zircon, staurolite, tourmaline, and muscovite. Towards Sancton 
the amount of mica present is considerably increased. 

The Kellaways beds vary in texture in different localities, 
though that at Burythorpe is quite uniform and rather fine. At 
Eurythorpe and Levening, Boswell found that approximately 
equal proportions of grains lie between 0-1 and 0*25 mm. and 
0*25 -0-5 mm. diameter 
respectively. At South 
Cave, however, over 
90 per cent of the 
grains lie between the 
sizes 0*1 and 0-25 mm. 
diameter. The propor- 
tion of “ clay ” present 
is generally less than 
1 per cent. 

The sand at Bury- 
thorpe has been used 
in the past for glass- 
making, but it is not 
at present being 
worked. At South 
Cave the Kellaways 
beds are mixed with 
those from the Estu- 
arine Series and used 

as moulding sand. Pjq. q — ^IVIagnetic iroa sand, x 20. 

Keuper Sands occur 

above the Bunter Beds in the Triassic System and consist 
largely of marine and aeolian material. Their occurrence and 
distribution have already been described on p. 52. IVIost of the 
sand -bearing material in the Keuper Series consists of soft greyish 
or white sandstones, the principal beds being the Keuper Water- 
stones, which occur chiefly in Cheshire (p. 53). Kear Spital 
the sandstone is cream-coloured and yields a sand containing 
(according to Boswell) about 94*6 per cent of silica, 3 per cent 
of alumina, and about 0*06 per cent of iron oxide. The high pro- 
j)ortion of alumina is due to felspar and clay, and is characteristic 
of the Keuper beds. The alumina renders the sand specially 
suitable for the manufacture of bottle-glass on account of the 
strength which it imparts to the ware. Other heavy detrital 
minerals occur up to about 0-06 per cent and include ilmenite, 
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t<>urinaliii(‘, zircon, rutil(‘, aiul uuaiasc. hulk of 

th(* grains ai‘(‘ Ix^i-wccu 0*20 and 0*0 ruin, (lianic^ha*. 'I'h(‘ proportion 

(»f (‘lay ■’ s(‘ pa rated 
nHxdiariically is ^<‘noi-“ 
ally l(‘ss than 2 fn-r 
c(‘nt, udiilst- th(‘ total 
amount^ of ti*iu‘ sand is 
about Uh pen* ('{‘Ui. 

At. AI(I(a'l(‘\' Kd|i;c 

in (‘h(‘shir(‘ t-liorr aro 
lar^a* tij)S(d’ sand from 
the* K(‘up(‘r Water 
stones which, accord' 

I injj; t-o liosvvell, ('onsist 
childly of grains he 
tw(*cn ()-2r> and hsl 
inin. diamidci*, to- 
peddler with about 17 
p(‘r emit of grains 
l)etvv(‘en 0-1 and 0*2o 
nun. 'rhi* iron I'on 
tent is fairly low 
K|(3. ( 5 . • Ald(*ricy red nioiildinj^ Hand. :2n. (about ()• 12 per emit). 

luit th(^ percmiiagi* of 
alumina, is fairly high. A typic*al niiia'ophotograpli of Aldericy 
Ilixl moulding sand is sliown in Fig. h. 

Kieselg:uhr, sm* Diafomarrofi.H Earth (jn 1K>). 

Lacustrine Sands are of thi* same genend (diara(d.<‘r as Fsimirine 
sands, <*xc(‘pt that th(‘ organic constitui'uts an* difT(‘r(*nt. Such 
sands an* largidy a pi'odmd. of fluviatih* action, thougii in some* cases, 
as in mountainous r(*gions, mucdi glacdal mat(‘rial has found its 
way into the b(‘ds of lakes. Kxamples of this type of di^posit 
are very common in vSwitziu’Iand, especially in the i^ake of (hmeva, 
hut thi^y are not so nuidily recognisable in Britisli sands. Ijacustrine 
sands are. usually fairly uniform in textun*, l)ut tmid to he very 
variable, in ehernii'al (‘om position, and wh(‘n that is the ease they 
are of littli^ vahu*. The puna* varuddi'S an* used for glass, foundr'y 
work, {‘tm ; the otliers make building sands if the grains are 

not unduly roundish 

Lias Sands oc^imr in thi^ Idas formation (p. oh), ddiey are 
siddom of grc'.at eommc‘.reial valui^, but in some localities are largely 
UH(‘(l for building jiurposi^s. 

Limy Sands are those, containing linu^stoiK^ or other eompoumis 
of lime. They are partially fusible*, as thit lime and silica ('oinbine, 
whiui lK‘at(*d, to form a fusible silicate, hut if such sands ari^ heated 
they do not midt complctidy. On tlu* I'ontrary, an apparently 
unaltc‘red mass rmnains on hcuiting thi^ sand to the lughc*st t.empera 
turcs in a gas-hea^^^d furnace, but if tlu^ hc‘atcd mass is allowed 
to cool it falls to pieces at a toucfi, producing a mass of fus(‘d and 
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unfused grains. Limy sands are best avoided for all industrial 
purposes ; their composition is usually variable and their behaviour 
is always uncertain. Their chief use is in agriculture, where they 
lighten the soil and at the same time neutralise any acidity in it. 

Lithomarge is very similar to but less ferruginous than Bole 
(p. 84). It may be regarded as a ferruginous sand compacted 
with clay to form a soft stone. It is sometimes used as a source 
of iron, but is of little commercial value as a sand. 

Loam is a term used to describe a light open soil consisting of 
sand, clay, and carbonaceous matter. Other terms such as '' sandy 
loam,'’ “ clayey loam,” calcareous loam,” are used to denote 
the predominating constituent . 

Broadly speaking, any sandy clay may be termed a loam, 
but when less than 20 per cent of clay is present the term “ sandy 
loam” is preferable. Sandy loams are of great value in iron 
foundries for casting purposes. Loams containing less sand are 
often of value for brick-making, as some clays are too plastic and 
would shrink excessively if used alone. With sand, however, 
the shrinkage is reduced and good bricks can be made. Highly 
sandy clays are used in the manufacture of cutter ” and rubber ” 
bricks (see Vol. II. Chapter I.). Some loams contain a large pro- 
portion of gravel, and this is costly to separate. 

The term loam ” must not be confused with one meaning 
of the German word lehm,'' which signifies a product of the 
action of the weather on glacial drift and other rocks, forming 
a kind of loess (see below). 

The disintegration of Triassic rocks gives rise to a light sand 
or a somewhat stiff loam, whilst the Lias of Oxfordshire also forms 
a rich friable loam. Any rocks which yield a mixture of clay 
and sand on exposure may be regarded as potential sources of 
loam. 

Artificial loams are often made in order to produce a material 
of definite composition and properties. They are made by grinding 
clay and sand in a suitable mill. 

Loess is a fine silty material sometimes erroneously termed 
'' clay,” but it neither puddles nor holds water like clay. It occurs 
in large deposits extending over large areas in America, Europe, 
and Asia. 

Loess is found up to a height of 5000 ft. in the Carpathians, 
8000 ft. in Shansi (China), and probably higher farther west. In 
North China, according to Richthofen, it is 1500-2000 ft. thick. 
The adobe of North America — a similar material — is sometimes 
2000-3000 ft. thick. 

Loess consists of angular quartzose sand of a dirty yellow, 
brownish, grey, or black colour mixed with 10-30 per cent of silt 
and clayey matter, and, in some cases, with chalk, limestone, and 
carbonaceous material. 

Felspar, hornblende, and heavy minerals common to sands 
occur in variable and often considerable proportions, and mica 
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flakes are disseminated quite irregularly through the mass. The 
particles are chiefly angular in shape, and are intermediate in size 
between fine sand, and clay. Its most distinctive characteristic 
is its behaviour when weathered, for, whilst sand and clay are 
worn down to gentle slopes, the loess stands in vertical faces which 
often present a roughly columnar appearance. Shovel marks and 
wheel tracks remain clearly defined for years. 

The origin of these deposits is much disputed. It is probable 
that three diflerent forces have taken part in the formation and 
that it is due to a combination of glacial, fluviatile, and aeolian 
actions. A loess-like material found in America and termed 
adobe ’’ (p. 79) appears to be of fluviatile origin, though it may 
partly be of aeolian origin. The extraordinary uniformity of 
loess suggests that it is an aeolian deposit, especially as it usually 
occupies the high ground, whereas water-deposits are usually in 
valleys or hollows (lake-beds). A dry climate is essential to its 
formation. 

The loess occurring in the plains of China consists of a fine, 
soft, crumbling, calcareous silt of a yellowish or bufl colour, formed 
probably by the accumulation of wind-borne dust produced as 
a result of the drying of pre-existing glacial mud. It is very 
homogeneous, sometimes stands up in walls several hundred 
feet highj and is curiously resistant to weathering actions. It is 
probably held together to some extent by the many fine vertical 
tubes in it, formed by rootlets and lined with a calcium carbonate 
film. 

In Europe much of the loess consists largely of clay, the deposits 
on the Rhine containing only 18 per cent of sand and 16 per cent 
of chalk, the remainder being clay. Its composition, however, 
varies considerably. 

The occurrence of true loess in Great Britain has been denied ; 
in any case it can only occur in insignificant quantities. 

In Russia the loess (locally known as “ tchernozom ”) is of a 
similar nature to that of China, but, on account of the large pro- 
portion of organic matter, it is black. It is thought that the 
European deposits are chiefly the result of glacial action. 

Loess appears to be useless as an industrial material, and even 
agriculturally it is of variable value. 

Manganese Sands and Gravels are sometimes produced by the 
weathering and surface denudation of manganese ores, especially 
in Japan (see also Wad, p. 167). They sometimes form a source 
of manganese, but are not otherwise of great value. 

Marine Sand is the sand formed on the seashore, but the term 
is also applied to all sands originally deposited from sea-water. 
It is quite incorrect to suppose that all marine sands, are salt, 
though those still in contact with sea-water are so. Marine sands 
are usually coarse, very variable in composition and in size of 
grain. Those derived from ancient sea-beaches are often con- 
solidated into sandstone and have to be crushed before use. Whilst 
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sands from existing seashores are of doubtful value — except for 
some building purposes of a rough character — those derived from 
marine deposits of remote geological periods are often valuable 
on account of their uniformity, alike of grain, size, and composition. 
The Greensands, Eagshot sands, Thanet beds, and some of the 
Bunter and Keuper deposits are of marine origin. 

Metalliferous Sands and Gravels are deposits containing a large 
proportion of particles of metallic minerals which have been 
concentrated by the action of water, which has removed the grains 
of lower specific gravity. This concentration of heavy minerals 
in sands is due to several causes : 

(i.) The normal current of a river tends to carry sand slowly 
along the bed towards the mouth of the river. 

(ii.) The incoming tide reverses the flow' of w'ater in the mouth 
of the river and causes the latter to deposit its suspended load, 
and also carries a considerable quantity of sand up the river. 

(iii.) Winds, either up or down stream, lift the dry sand from 
the surface of the beaches at low water. As the top layers of 
sand become dry, the lighter particles are blown away from the 
heavier sand. The heavy sand is also moved by the wind, but 
at a much slower rate. In this manner the heaviest grains are 
gradually concentrated, and in the course of hundreds of years 
large beds of heavy sands are produced, 

(iv.) The outgoing tide added to the flow of the river causes 
the sands to rush towards and out of the river’s mouth. 

By these various means the sand is first carried down the river 
to the sea and is then driven up on the beaches by the tides and 
prevailing winds, after which the constant wash of the water 
carries the lighter particles ahead of the heavier ones, leaving 
the latter in thin bands and layers parallel to the shore. Successive 
waves add fresh material and continually separate the lighter from 
the heavier minerals. The wind then continues the separation 
as described above. 

In some cases deposits of heavy detrital minerals may be 
produced by the decomposition in situ of metalliferous veins 
and rocks, followed by the removal of the lighter minerals by 
various denuding agencies, leaving the heavy minerals behind as 
a highly concentrated deposit of the particular mineral which 
predominates. 

The principal metals found in concentrated surface deposits 
are iron, gold, titanium, tin, tungsten, platinum, palladium, iridium, 
manganese, cobalt, zirconium, thorium, etc. For further informa- 
tion on these deposits see Placers, p. 133. 

Miocene Sands. — It is very doubtful whether any such sands 
occur in this country (see p. 72). 

Moler is a sandy material somewhat resembling Ideselguhr or 
diatomaceous earth (p. 96), but it is less refractory and contains 
a considerable proportion of clay and volcanic ash, for which 
reason it is self- binding and can be made into bricks wdthout any 
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other bon'd. It is found chiefly in Norway, and a typical analysis 
of this material as used by Moler Products, Ltd., is as follows : 


Silica (chiefly diatoms) 

. 66-9 

Ferric oxide . 

6-9 

Alumina 

. 13-0 

Lime .... 

1-0 

Magnesia 

1-6 

Sulphuric anhydride . 

. 0-2 

Alkalies 

0-8 

Loss on ignition . 

9-6 


100-0 


It is chiefly used for the manufacture of insulating bricks, but 
these are more fusible than the ones made of purer Ideselguhr. 

Monazite Sand is a sand containing a large proportion of the 
mineral monazite, which has recently become important as a source 
of thoria and ceria. It is chiefly found in sands along the sea- 
shore at Travancore, India, and is derived from the gneisses. The 
selective action by the waves on these sands (p. 12^7) has led to 
the local concentration of the monazite in large quantities. Near 
Cape Comorin at low tide the beach is often a glistening mass 
of rounded grains of yellow monazite. Monazite also occurs in 
association with the graphite of South Travancore and in pegmatites. 
In the graphite mine at Vellanad, sixteen miles north-east of Triv- 
andrum, monazite was found in a rock filling a fault crack. This 
rock is composed mainly of brownish crystals of monazite in a 
matrix of felspar with a little quartz. 

Monazite also occurs widely in the Tinevilly district in the 
older dunes, in the dry beds of the streams draining eastwards 
from the hills, and in the beach sands, where they have undergone 
slight concentration. It occurs in the streaks of black sand at 
Waltair and Bimlipatam, in similar streaks near the entrance 
to Chilka Lake in Orissa, and sparingly in concentrates from Idar 
Central. 

Large placers of monazite sand occur in South America, especially 
in Brazil, in the provinces of Bahia, Minas Geraes, Espirito Santo, 
Matto Grosso, and Goyaz. The Brazilian deposits are the most 
important, much of the sand containing 90 per cent of monazite 
and 4-7 per cent of thoria. In the United States monazite is 
found in many localities. Thus in Idaho and Montana it occurs 
as an accessory mineral in granite and in the sands and gravels 
derived from pre-existing igneous rocks. Placer deposits, river 
and beach sands containing monazite, occur in various parts of 
Indiana, South Dakota, Nevada, Utah, Washington, Wyoming, 
Colorado, Oregon, California, and New Mexico. The principal 
areas are in the South Mountain region of North Carolina, 
particularly near Mars Hill, Madison County, and in the adjoining 
parts of South Carolina and in the alluvial deposits along the 
streams from the great granite area around Centerville, Idaho. 
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In Idaho monazite occurs in sands derived from the dis- 
integration of a light grey granite. In the Musselshell district 
the sands contain 31-55 per cent of monazite and 0*88-1 -85 per 
cent of thoria. 

Monazite sand occurs in various parts of Nigeria, in the Federated 
Malay States, and in the protected states of Kedah and Kelantan. 

Monazite sands are usually black, due to the presence of large 
proportions of magnetite and ilmenite ; they are red when garnets 
are in excess, but where there is abundance of quartz or calcite 
a grey sand is produced. The portions richest in monazite have 
a yellowish tinge. 

The monazite in the sands or crushed rock is concentrated 
by washing in sluices in a similar manner to alluvial gold. The 
concentrated sand is then dried, and the magnetite and other 
ferruginous materials extracted electro -magnetically, the product 
containing 65-70 per cent monazite, 5-7 per cent of thoria, together 
with valuable proportions of zircon, garnet, rutile, corundum, etc. 

Monazite is essentially cerium orthophosphate, but it always 
contains other rare earths, including thorium, lanthanum, and 
yttrium. 

Table XIX., due to S. Johnstone,^ shows the composition of 
various samples of monazite : 


Table XIX. — Analyses of Monazite 



Espirito 

Santo, 

Brazil. 

Alcobaca, 

Brazil. 

North 

Carolina. 

Katnapiira, 

Ceylon. 

Travancore. 

Ekole, 

Nigeria. 

Ebara, 

Nigeria. 

Pelang, 

Malay. 

Kiiliiim, 

Kedaii. 

Thorium oxide . 

6-06 

6-5 

6-49 

10-29 

10-22 

5-00 

5-50 

8-38 

3-53 

Cerium oxide, Lan-') 
thanum oxide, etc./ 

62-12 

61-40 

31-38 

30-88 

•27-37 

30-13 

31*90 

28-00 

30-72 

30-02 

31-40 

29-20 

25-46\ 

32-72/ 

64-05 

Yttrium oxide . 

0-80 

0-70 


2-14 

0-46 

2-74 

200 

2-80 

2-4 

Ferric oxide 

0-97 

1-5 


0-81 

1-50 

3-0 

0-75 

0-84 

0-64 

Alumina 

0-10 

0-08 


0-17 

0-17 

0-35 

0-05 

2-78 

0-07 

Lime 

0-21 

0-30 


0-41 

0-20 

0-15 

0-10 

0-61 

0-17 

Silica .... 

0-75 

0-64 

1-4 

1-03 

0-90 

1-20 

0-82 

0-92 

1-08 

Phosphoric acid 

28-50 

28-46 

29-28 

27-67 

26-82 

26-29 

29-92 

23-92 

27-87 

Loss .... 

0-38 

0-64 

0-20 

0-20 

0-46 

0-25 

0-44 

1-28 

0-52 


Monazite is generally found in small grains or monoclinic 
crystals of a yellowish to brownish colour somewhat resembling 
amber. Occasionally it is found in well-developed crystals one- 
fourth to three-eighths of an inch in length, and more rarely in 
crystals 2 in. or more in length. The more perfect crystals are 
very small, seldom exceeding 5 mm. in length ; many are 0 *1 -0 *2 mm., 
and more frequently the crystals are microscopic in dimension. 
Some monazites contain very little thoria, whilst others contain 
a large proportion up to 32 per cent ; yttrium and erbium oxides, 
uranium oxide, zirconia, manganese oxide, and titanium oxide 
may also be present. A typical monazite sand is shown in Fig. 7. 

1 J. Soc. Ghem. Ind., 1914, 33, 55. 
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Monazitc: has a r(‘sin<>us to vitn^ous lustr(\ and is t ransinccni 
to sul)‘trans|)a.r<‘nt. It is brittle, with a eonehoidal to urH‘ven 

fra.et.ur(‘ anal a hard- 
n(‘ss of 5 on Mohs’ 
scale ; it can readily 
h(^ seratefaal by hdspar 
(hardness b) or ({tiartz 
(hardness 7) ; it has a 
high s{H‘eiiic gra\itv 
( 4 '(>. 0 * 3 ). 

Monazitc* is chiedy 
ns(*d as a souna* of 
thoria an<l e(*ria for the. 
inanufactun* of inean 
(1 (‘Seen t rnaniJesd 
Monaziti* is also iiscal 
as a source of e(*riuni, 
lanthanunn and other 
ran* nH*taIs vvhi(*fr\vhen 
aIIoy(‘d witli iron 
poss(‘ss th(‘ pn»p<*rty 
of emitting a llaim* of 

Kt.i. 7.- M,ma-/,it(, «an.l. / 20. '>nlliulicy with 

litth* h(‘at and sinokf* 

when Herat(4u‘-(1 with stc^cd. As th(^ H|>arkH produec'd readily ignib* 
gaH(‘H, tind(n', akaihol-wieks, and explosiv(\s, these* alloys are 
used eomnuu’eially as substitut(;s for niateh(‘S, (‘ie., and in military 
signalling. 

Moulding Sand is that UH(‘d for (‘anting in(*tai arti(‘lc*s in foundrie.s 
and oth(‘r works. Particmlars of th(i r(‘(juin*m(‘nts and use of 
moulding sand will b(^ found in \'oI. I I ., (Chapter YL 

Table XX., diu^ to Bosua^ll, shows the* g<‘ologieal ])ositi(jn of 
tlu^ most important moulding sands in this country. 

Mud is a fin(^-textur(‘d fragnuuital mabu’ial formed in uate*!*, 
usually by tiuviatihi aedion, and eorrftsponds to the* dust depewifs 
formed on dry land, the only differ(‘ne(^ b(‘ing that the former an* 
wet and tlu*. latter dry. Muds arc*, usually d(*rivc‘d fn»m tine* 
fragimmtal mabuial carri(^d out into Iakc*H or H(‘aH hy riv(*r“aeti<m, 
H(ui-(U‘OKion, (t(^ They consist of minuter purtiel(*H of f|uartz, 
hdspar, mica, and other minerals, togetJuu’ with a variahh* pro 
portion of clay, organic matter, and (takium carhonab*. \3iri(»us 
minerals arc sometimes present in sufficient ({uantity to give the 
muds a (ffiaracbwistic colour, such as thc^ blacdc and the* blue* nnidH 
of tli(^ Blacjk 8ca, which contain iron sulphidi^ and l)iHulpldck% 
prc(‘ipitated from solution as a rc^sult of anacu’cfhie haeteriid 
action. 

^ A. von Welnbach patented the hho of thoria for niantlo.H in lHKr> j if 
was found later that the prosence of 1 percent ceria gavesa gnmtcu* lihuMiniUing 
‘ effec-i. 
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'Faiu.k XX. I hsTiu in 'rioN <>i' .M«»t 






K(‘ccnt 

(Jhu'ial 

(Uacial) 

! Ko('(‘nr 
I ( !rcta<'(*<)us 
I Jurassic 

I J’rias .... 


IVTiuiau 
< 'arf K*nit’crniLi 


'['hauic . tan‘I. 

I lurliani. 

A}»« iia'!**( Hcftfas Ji hire); liarinw in I’ time i -i, hj n * > 

iiivAmu I i 'crl»y Jure 3 ; Pin J««y ffit\ (hei fn .Juici ; 
f -Htafl M, « te. 

Si. \i,'ue ,St. Fill h, c ‘i*riiu jtll, 

Pat!,' !H»t hc«l ; ot Soutlumiplun ini«l '1‘ljnncl hej s i*f 
Kent . 

{ ‘pjicr < 'n’cji auni at Halilen, ncvnii. 

L«>ucr < irccii .itinl al KdcftlMn P,u//in »l inni 1 l\fnnl, 
Kcllaunt, s he»i; nf Sniifh ^ talv^; I ppci 

I’.stuniiii*' iiffi iiil fftifiiiiti Anifm. N <»i }«► Jtii c, 

Ketaper \\ ntei stum- : al Spital. rije Jiire ; IPuMer 
Sinai H lit ArifilliMi jie. Pafu fi \ . PainJiualli a Ihtii 

ciiUi'f; lIceF. Hen will. Sjuulji fjiai \\*hMlc\ 

Praljc in \ Mil, -hue ; IfcinpJull. Lenlnn. Mjin - 

licM. .\*if f ni'cliiUM ; Snt I ».|j .hincf iMt» iJiM I U nt lvop 

in N«»n in. Jmin Jure ; UmiJniPni Kane » ; Unn 
CMi n m 1 1a- hit ; Puinnncinnn Iff \\ iu u a* ; 

\\ mI\ Cl lunnj.f «*u ill Sfalf ; < »ai»j,fnn. 
nun ter. Sf . an Ki i Jc.', StM(i}|H*}K ,na! \\<.m 
iMiiirnc in Wen. t. j Jme ; <nHj p,c|in f m 
I rcjniai 

K<»uci aial : at t ’li lIctMul »jn*i P*»nfctanct 

V^a). 

W m! nrchnin in i nil Innn ; IKiwImh PanlKcin Nnilh 
iiliiKcj JanJ ; An* la nia alh. ni utia at, il. Kinnrail. 
KiirniurF. an»l tjcniaa;* n, KanitrlcJui . 'kJ* 
%\ Hit lit t',' itfcl ■ ' t<it( in S^i'ilntr, P>*nnii 

Krnlr*' ui Stiilin;-: . < 't*n!c:f .»« n, Pn. I_^mnc„ 


Thv proporiiou of inira unuallv hiy^hcr in lainl , fhaii in .audv 
rocks, since flakes of niioa mnnin lonenr in .ai.^pcn-iuH ihao fin* 
more eonipnet ^o-ains of (|uarf/.. anti am thenJom rarrietf farther 
from the shore, heispar in .also fairl\ t taumon, ao»l oanutr rr\ tal.i 
of ziroon and oflaa* rai'er uiiiinral-. alsn aa rtn 

.Muds niay afni fae re^nirdnd a = o\fM fnc|^ fjnn r.ajtd . « onfaiinnafi-d 
with ela v. 

Oil Sands are thosn n<uitatninp pt'fmh tnn nr oflar udaldt" 
iiyfiroearhoii oil:, uhicii «-an hn o-rn%ci, d in, drJdlatinii, K\tt n ave 
deptisil . ocenr aloiiu tlm fanh . of \U, {u%t r Athaha a aroond 
Fori .MeMurra\ in Alherta. t aoada. and cl .t-uhi o d’he * d* pai it 
are analor.n,u.s lo Ihe iHUch iaffirhooHn .a! hah . m whnti flu 
oildonnifiif niatfer i,- ^Mndlarh a-. Mctatc-d ^ith neloratf d rln.% . 

^ OUstone Sand mado Ky rru-Jiinn ofl-J»<nc ' n n’.i-fl |»»i 
|4nn<lini4 fte* fiia:*.-, fitfiijc'.:. nf o>.’i! hemaf ical atid optn-^d in Jt nnicol 
The oilstorio froin_ which if o u .nh i .i lun eiamcd hone Jme 
obtained f I onj the infcjiia of \ j.i Nluua »onfanniiif lu 7o p* r rcni 
of siliea, 20..2d per cent of c.d« oim lariifaiatc. nnd a hflh- alufiiiiei 
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A similar ma.i(‘rial is found in (‘haricy Forest ; at Whitit* Hill ; 
(lharrnvood Fon^st, lj(a(*<‘sk‘rshir(* ; near Llyii Idvval in North 
VVal(‘s; and m‘ar 1’a,visto<*k, I)(‘Vorishin‘. S<‘veral vai'ietics of 
oilstoiK^ an^ also ohiain(*d in t.h(‘ rnit(‘<l States. 

Oldhaven and Blackheath Sands an* merely of pM>loLri« al import 
aiKu*. Tluvy liav(^ no eoinmcaa'ial value* (p. 7td- 

Oligocene Sands include* variems ele‘pe>sits of partially marine* 
a,nd f)a,rtially^ hieusirine^H-igin, ineduelin^ the* samis of the* liamsteaei, 
()sbe)r*ne‘., Beuyibrid^e^ and !le‘aele>n Hill be*ds of llampsbire* anel 
tlu^ Isle^ e)f Wi|j;ht (p. 72). I'he'se* sane Is are. usually .s<uue*what 
c^aleiare^e)us aaid of little ce)inine*re*ial value*, but in some Ioc*aIitie‘S 
th(\v are^ fa,irly pure*. 

Tlui He'aeion Hill sands e)f ihet Isle* erf Wight* are* n«*arly pure* 
whiter and e*e)ntaiii feu-rugine>us particles toge'ther with associated 
b(*ds of lignitea 7\c.e‘e)i'eling to I5e>s\ve‘Il, tfie‘se‘ sands e*ontain about 
1)7 peer ee‘rit of silie*a, 1*9 p(*r ee‘nt e)f ahimina. and about toll par 
eee‘nt of ire)n oxiele*., the*. impuritie*s <*e>iisist ing chie-tiy <»f rutih*, 
te)urtnalin(e, anel Htaure)lite*, anel e)the‘r e*hara('t,(‘risti<* d(‘trital inine*rais 
of the* Bagsheet formation. The* saiiels are* fairly unihuan in texture*, 
about S4 p(‘r e,(*nt be‘ing I)e*tvv(‘e*n ()•! anel 0*2r> nun. elianietor anel 
ne‘arly 4 pe‘r c.emt over 9*25 mm. diame*te*r. The‘n* is alsee a mdabh* 
prope)rtion of clay,” usually' amounting to afamt 2*5 pem ee'ut, 
’'riue sand has hoem useel fe>r glass-making, hut it is ned at pn‘se*ni 
we)rke*(l. 

Oolite Sands, seae Kellaways Safids (p. 122) and KMnurint' 
HandH (p. 102). 

Parting Sand is sand use‘el in me‘tab(*as1ing to se^parate* elilfereTd. 
parts of a moulel ; thus, it is sprinkleal on to tin* jeu’nts of the* 
me)ul(l te) [jreeveuit thee seectiems fre>m aeihe*ring te> e‘acli eriiier. The* 
sanel useed feu’ tliis purpe)see is ge*ne‘rally of an infe*rie>r epiality, the* 
e)nly esseential feaituree being thee abse*ne*e* of bemd (se*e* nlse» \1»1. II. 
(thapteer VH.). 

Phosphate Sands e*<)nsist ehie*liy of iri“ealeitun pliersphaie, and 
havee been produceed by thee ae*tie)n of phosfiheu’ie* ueid of organie* 
origin upon calcium carbouatei. l’he*y are* eliic’ily tise*d as artitieiiil 
inamiretH. Theey occur in Beelgium, in Frariee* on the* rive*!* Semune, 
in thee Uniked Stakes, and eelseewhe're*. In semie* c’ases, the*}" are* 
eextreemeely finee in teextune, mn(*h of the mak*rial passing re^adily 
through a 2()()-mceHh sievee. Tri^calcium pheKsphak* is emiy slightly 
Holuble in water, and must be? (eonv(‘rte*d into a more* seduble form, 
such as supeer|)hosphat(e, befe)r(e it can be* use'el as a manure*. 

Pit Sand is a geemeral name* giv(*n to sands which are* dug or 
(juarried, as distiiuet from thosee whi(*h are* clre‘elge*d eu* oidaineul 
by otheer meanH. The term lias littlee or ne>tlung to e|o with the 
origin or modee of formation e)f tiiee sand, ami is only used'id as 
showing how the sand has bcecen e)i)taine*(I. ft has erne* aei vantage*, 
however, in that a sand which is dreedged freun a nve*r, lake*, or sea 
is almost certain to cemsist eehiefly e»f rounel «graim*d partie*Ies, 
whereas a pit sand may (though neit n(a*(*HHarily) e*onsiHt <4 sharp 
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grains. In some cases the term pit sand is used to indicate a 
sharp-grained sand, though all pit sands are not sharp.” 

Placers are alluvial deposits of sand and gravel containing a 
large proportion of heavy detrital minerals, such as gold, platinum, 
tin ore, emeralds, rubies, sapphires, diamonds, etc. These alluvial 
deposits may be quite recent or very old ; they may occur in the 
bank or bed of a stream or lake as an ancient or existing beach, 
or they may form terraces varying in age from Pleistocene to Recent 
times. They may occur on or near the surface, or as deej^ leads, 
i.e. covered by recent beds of gravel, lava, or other volcanic rocks. 

In some places they occur as consolidated gravels or conglomerates, ' 

interbedded with other rocks (see also under the names of the 
various metals and under Gem Sands and Gravels, p. 112). 

Plastering Sand is mixed with lime to form a fine mortar or 
plaster used for finishing interior walls or ceilings. The chemical 
composition is not of such great importance as the sharpness of 
the grains, though a white or silver sand is preferable to a darker - 
coloured one (see also Vol. II. Chapter IV.). 

Platinum Placers are sand and gravel deposits containing 
platinum in association with iridium, rhodium, palladium, ruthenium, 
and osmium, as well as heavy minerals such as chromite, magnetite, 
ilmenite, and gold. The crude platinum occurs as water -worn 
fragments, nuggets being comparatively rare ; it occurs in many 
river and alluvial sands derived from igneous rocks, but usually j 

in such minute quantities that it cannot be recovered at a profit. 

About 90 per cent of the world’s supply of platinum is obtained 
from Russia, on the slopes of the Ural Mountains, around Nischne 
Tagilsk and Mount Solovief, where the metal is derived from 
intrusive peridotites which have been disintegrated and the heavy 
minerals concentrated. In California, British Columbia, Brazil, 

Columbia, and Borneo, platinum is found in association with gold 
placers. Other deposits containing platinum occur at Eifield in 
New South Wales, in California and Oregon, in the United States, 
and in Alaska. Recently the sands of some of the rivers of Tasmania 
have been worked for platinum and iridium. 

The Russian deposits contain about 30-35 grms. per ton of a 
metal containing up to 76 per cent of pure platinum, 4 per cent 
of iridium, 2-3 per cent of osmium, 3*5 per cent of ruthenium, 
and 1 *4 per cent of palladium, with less than 0*5 per cent of gold. 

Platinum is recovered from alluvial deposits by hand-sluicing 
or dredging. The methods used are often very crude, so that only 
about one-third of the total metal present is obtained. 

Pleistocene Sands, see Glacial Sands (p. 115). 

Pliocene Sands. — ^The occurrence and distribution of Pliocene 
sands have been described on p. 73. They are usually of a yellowish 
or reddish colour, the red sands at St. Erth in Cornwall containing, 
according to Boswell, about 86 per cent of silica, 5*29 per cent 
of alumina, and 2-74 per cent of iron oxides. The Belgian yellow 
sand has a similar composition. The iron oxide forms a thin 
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film over the surface of the grains of quartz. The sands of Cornwall 
are a little more fusible than those of Belgium on account of the 
larger proportion of alkalies present. Heavy minerals, according 
to Boswell, are abundant, and consist chiefly of tourmaline, 
staurolite, andalusite, kyanite, rutile, topaz, zircon, ilmenite, 
magnetite, and limonite. Mica is also present. The texture of 
these sands has been studied by Boswell, who found that the 
Cornish sands consist chiefly of grains between 0-1 and 0*5 mm. 
diameter, though a considerable proportion of clay is sometimes 
present. The coarsest sands contain over 85 per cent of grains 
larger than 0-25 mm., whilst the finer sands may contain less 
than 40 per cent above this size. The Belgian sands are usually 
equivalent to coarse Cornwall sands. 

The proportion of clay is low in the Belgian and coarse Cornish 
sands, but Boswell has found that some of the fine Cornish sands 
contain nearly 14 per cent of clay. 

Pliocene sands are chiefly used for casting metals. 

Pocket Sands are deposits produced by the disintegration of 
the Mountain Limestone rocks of Derbyshire, North Staffordshire, 
and more rarely in North Wales and Ireland. They form pockets 
or ‘‘ swallow holes ” in the limestone, often of a deep cup-shape. 
The pockets vary considerably in size, some being merely small 
pipes, whilst others have an area of between 100 and 200 square 
yards, the form of the deposits being largely determined by the 
jointing of the limestone. Many of the deposits are of great depth ; 
near Friden the sands have been found to persist at a depth of 
over 200 ft. without showing any signs of this being the bottom 
of the deposit. The occurrence and distribution of pocket sands 
has already been fully described on p. 42. 

The sands vary from white to brown or red through various 
shades of grey, cream, and yellow. The pure white sands are 
quite low in iron. They consist chiefly of rounded grains, and are, 
therefore, of aqueous origin, though some angular grains also occur. 
Some of the sand has probably been carried to its present position 
by streams of water acting on the shales, sandstone, and grits 
on the higher ground, but the bulk of the deposits is most probably 
a residue left when the calcareous portion of the Carboniferous 
Limestone rocks was removed by solution. The residue collected 
into pockets and became mixed with debris from the overlying 
Millstone Grit. 

According to Boswell, the heavy detrital impurities present 
in the sands consist chiefly of anatase, apatite, cassiterite, epidote, 
rutile, spinel, staurolite, and zircon. Limonite occurs in the deposits 
at Abergele, and leucoxene and brookite are found at Oakmoor. 
The purest of these sands usually contain very little felspar and 
mica, but those of inferior quality are richer in these minerals, 
some being quite micaceous. A certain amount of clay also occurs 
associated with the sand. The purest deposits found by Boswell 
are at Abergele in Wales, where over 99 per cent of silica is present, 
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with only 0*54 per cent of alumina and 0*04 per cent of iron oxide. 
Some of the Parsley Hay sand contains only 0*05 per cent of iron 
oxide, but it is accompanied by over 18 per cent of alumina. The 
Brassington sands contain nearly 7 per cent of alumina and about 
0*18 per cent of iron oxide. The high percentage of alumina 
in the Derbyshire deposits is due to the presence of a larger pro- 
portion of clay associated with the sand, some part of the deposits 
containing sufficient clay to render the material plastic when wet. 

The texture of pocket sands is very variable on account of the 
mode of formation, though in some parts it is fairly uniform, as 
at Abergele, where Boswell found about 78 per cent of the grains 
are between 0*25 and 0*5 mm. diameter, and 8-9 per cent of grains 
are between 0*5 and 0*1 mm. diameter. He found no material 
of the '' clay ” grade present, and nearly 98 per cent of the material 
may be classed as true sand. At Rhes-y-cae, in Flintshire, about 
85 per cent of true sand is present. 

The Derbyshire deposits are less uniform in texture, the best 
being at Brassington and Carsington, where, according to Boswell, 
60-70 per cent of the grains are between 0*25 and 0*5 mm. diameter, 
with about 2 per cent over 0*5 mm. diameter and under 15 per 
cent between the sizes of 0*1 and 0*25 mm. In other parts of 
Derbyshire, larger proportions of the finer grains occur, the sands 
at High Peak containing only about 21 per cent of grains over 
0*25 mm. diameter. The proportion of clay ” present is con- 
siderably higher in Derbyshire than in Wales. The sands at 
Newhaven, Longcliffe, and Brassington usually contain less than 
10 per cent of ‘‘ clay,” but at Carsington over 18 per cent is present, 
and at High Peak over 26 per cent. The Staffordshire deposits 
at Ribden are also very rich in material of the clay ” grade, in 
one bed over 50 per cent being present. These sands contain from 
29-72 per cent of true sand. 

At Park Mine, near Askham-in-Furness (Lancs), pockets of 
sand occur in haematite in the Carboniferous Limestone. The 
pockets of haematite are oval in shape, and decrease rapidly in 
width as the depth increases. They vary in size, some of the 
larger pockets being about 480 ft. deep and 900 ft. in diameter. 
They contain an outer layer of haematite, inside which is a layer 
of reddish clay from 6 in. to 6 ft. in thickness, the central part 
of the pocket being filled with loose sand and fragments of a pale 
grey friable sandstone of different sizes. Ferruginous, micaceous, 
loamy, and clayey materials also occur in the sandstone. The 
amount of sand present varies in different pockets, the proportion 
increasing near the Red Sandstone area and decreasing towards 
the Silurian beds. 

The purest white pocket sands are generally employed for the 
hearths of open-hearth furnaces, and have also been suggested for 
glass-making. The grey sands (often termed Ganister sands), 
which contain more clay, are used as ground ganister, and are 
mixed with crushed silica rock, or sometimes with the quartzite 
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pebbles found in the same deposits, and made into silica or semi- 
silica bricks. The yellow sands have been used for steel-casting. 

Pozzuolana is similar to trass, and consists of volcanic lavas 
which have been influenced by superheated steam and carbon 
dioxide in >^uch a way that they have been reduced to a fine state 
of division. Pozzuolana also resembles clay which has been heated 
to redness, but its composition is very variable. It is amorphous, 
though in some cases crystals of various igneous rocks occur in it. 

It derives its name from the town of Pozzuoli, near Naples, 
where it was first obtained by the Greeks and later by the Romans. 
Pozzuolana also occurs in the Auvergne Mountains, the Mountains 
du Vivarais, and in the Gulf of Lyons in France, at Teneriffe in the 
Canary Isles, and in the Azores. 

The analyses in Table XXI. show the composition of some 
types of pozzuolana. 

Table XXI. — Analyses of Pozzuolana 



Silica. 

Alumina. 

Ferric 

Oxide. 

Tjiine. 

Magnesia. 

X^otash 
and Soda. 

Water. 

Home (Stanger and- 
Blount) 

58-58 

22-74 

4-06 

1-37 



Naples (Stanger and 
Blount) 

63-18 

19-8 

5-68 

0-35 



Vesuvius (Thorpe) 

44-0 

10-5' 29-5 

10-0 

tr. 

1-0 

2-5 

Vesuvius (Thorpe) 

46-0 

16-5 

15-5 

10-0 

3-0 

4-0 

5-0 

Auvergne Mts. (Thorpe) 

47-9 

34-2 

8-2 

3-9 

2-6 

3-2 

Azores Isles (Chateau) 

54-7 

20-5 ' 6-3 

2-2 

1-7 

2-2 

12-4 


Pozzuolana, trass, etc., possess the property of forming a 
hydraulic cement when they are mixed with lime and are made 
into a paste with water, no heat being required as in the manufacture 
of Portland cement. This is due to the combination of the material 
with the water forming complex substances which harden on drying 
to form a strong mass. Pozzuolanas may be divided into (a) the 
direct products of volcanic action, such as true pozzuolana santorin 
(p, 155), toaca (p. 165), tetin, and trass (p. 165) ; (6) the decomposi- 
tion products of igneous rocks termed armes (p. 80) ; (c) artificial 
pozzuolanas. 

Artificial jpozzuolana consists of burned clay, or blast-furnace 
slag. These materials, when ground, possess properties similar 
to natural pozzuolana, though to a much smaller extent, lightly 
burned clay being much superior to slag in this respect. 

Pozzuolana is largely used in the preparation of cements, 
mortars, and concrete. 

Primary Sands are those which are formed by the direct dis- 
integration of igneous ro'cks, such as granite. They may contain 
grains of very diverse sizes, but where atmospheric agencies have 
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acted on them the sands are classified to some extent and are 
more uniform in grain size. Most commercial sands are of a 
secondary nature (see also p. 7), 

Pumice Sand is not exactly a sand, but may be conveniently 
classed as such, as in many ways it does resemble other sands 
and is used for many purposes for which they are employed. 
Pumice consists of a volcanic glass which has been ejected in a 
spongy, viscous state from active volcanoes, and was afterwards 
subjected to a sudden cooling, which was too rapid to allow the 
glass to crystallise. It is very light and spongy, on account of 
its having contained a considerable amount of dissolved gases 
which were suddenly released on the solidification of the viscous 
mass. The vesicles are rounded or elongated, due to the flowing 
of the lava, and the structure is composed of thin partitions or 
threads on which the abrasive value of the material depends. 

Pumice occurs in many parts of the world in the vicinity of 
active and extinct volcanoes, but that used in this country is chiefly 
obtained from the Lipari Islands, north of Sicily. An inferior 
grade, alessandrirui, is used for smoothing oilcloth. A little is 
imported from Teneriffe. Pure white pumice dust occurs over 
wide areas in Nebraska, Kansas, California, Idaho, Utah, South 
Dakota, Wyoming, Oregon, Colorado, Oklahoma, and low^a, the 
chief sources being in Harlan and Lincoln counties in Nebraska. 

Table XXII. gives typical analyses of two of the most important 
varieties of pumice. 


Table XXII. — Analyses of Pumice ^ 



Silica. 

. , . Ferric Oxide. 

Alumina, perrous Oxide. 

Lime. 

Magiiesi.n. 

Potash. 

Soda. 

Loss. 

Cape di Costagna, 
Lepari Isles 

73-70 

16-27 2-31 

0-65 

0-29 

0-73 

4-25 

1-80 

Orleans, Nebraska 

69-12 

17-64 

0-86 

0-24 

6-40 

1-69 

4-05 


The specific gravity of pumice is less than that of water, on 
account of its porous character, but the specific gravity of the 
powdered material is 2 *3-2 *4. 

Pumice sand is produced by screening the natural material 
and so separating the larger pieces, or by grinding the material 
to powder. 

Pumice is used principally as an abrasive. Lumps of the 
inferior qualities are used for smoothing oilcloth, whilst the sand 
or powder is used in the manufacture of metal polishes and abrasive 
soaps. It has also been employed for polishing stones, glass, and 
ivory, and in a finely powdered state (called 'jounce) for preparing 
parchment. Insulating bricks and fireproof ware of low specific 

^ Thorpe’s Dictionary. 
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gravity have also been made from pumice sand, as well as cements 
and cheap glass-ware. 

The presence of hard felspar crystals is detrimental to the 
value of pumice for polishing, as they cause scratches. 

Quartzites are rocks consisting of a mosaic of quartz crystals 
without any regular outlines, these grains being united by a cement 
of almost pure silica which has been recrystallised or deposited 
in a colloidal state around the original crystals. In some quartzites 
the outlines of the original grains can be readily distinguished, 
but in others this is very difficult. When the cementation has 
been sufficiently prolonged, the cemented grains fit so closely that 

they interfere and pre- 
vent the production of 
crystal faces. Fig. 8 
shows a typical quartz- 
ite viewed by means of 
polarised light. Pure 
quartzites are white, 
but others are coloured 
owing to the impurities 
present in the cement/ 
or in the quartz of 
which they are com- 
posed. Iron is the 
principal colouring 
agent, giving the rocks 
a brownish tint. The 
grey colour of Car- 
boniferous quartzites 
is due to the presence 
of finely divided car- 
bonaceous matter. 
Chlorite and other im- 
purities may also impart their characteristic colours to the quartzite. 

The principal varieties of quartzite are: (1) Vein quartz^ which 
is produced as a result of hydrothermal action, and forms coarse 
interlocking crystals with little or no cement ; (2) Conglomeratic 
quartzite, in which quartzite pebbles are cemented together by 
siliceous material ; (3) Quartz schist, a metamorphosed silica rock 
which, when examined microscopically between crossed nicols, 
shows bands and waves of colour due to distortion by pressure ; 
and (4) Amorphous quartzites. 

The principal impurity found in quartzites is iron oxide, the 
greater proportion being in the ferric state, though in some quartz- 
ites chalybite (ferrous carbonate) occurs. Various alumino- 
silicates may also be present, chiefly in the form of felspar, mica, 
kaolinite, or clay. Mica frequently occurs in foliated quartzites 
along the lines of foliation. Both potash and soda-lime felspars 
oqcur, and lime may also be present in the form of calcite, dolomite, 



Fig. 8. — Quartzite, x 25. (Crossed nicols.) 
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or calcium phosphate. A small quantity of hydrous sodium 
silicate sometimes occurs in association with the secondary silica 
cement, introduced probably by an alkaline solution, some of which 
was retained by the silica in the form of silicate of soda. 

Magnesia may occur as dolomite, or as f err o -magnesian silicate 
such as serpentine, this latter being very infrequent. Titanium 
occurs to a limited extent as rutile, brookite, or anatase, the first 
and third occurring in characteristic needle-like crystals, whilst 
brookite occurs in large flakes surrounded by minute secondary 
crystals in the cementing silica. Where the proportion of titanium 
is high it is generally present in this form, having probably been 
deposited from solution simultaneously with the cementing silica. 
Zircon occurs in minute crystals, generally in negligible proportions. 

It is important to remember that a small percentage of alumina 
and certain other elements may represent a much larger proportion 
of impurity. Thus, 10 per cent of felspar would show only 1*6 per 
cent of potash and 1*8 per cent of alumina, the remaining 6-6 per 
cent being silica, which is included in the total silica. Hence, 
a material appearing to contain only 3-4 per cent of impurities 
may actually contain 10 per cent. 

The principal quartzites in this country occur in the Meta- 
morphic, Pre-Cambrian, Cambrian, Ordovician, and Carbonaceous 
rocl^, whilst a very important source of quartzite on the Continent 
(Germany) is known as amorphous quartzite. 

Metamorphic quartzites have been used only to a small extent 
as sources of sand. Their texture varies considerably. At 
Kentallen they are quite coarse, the grains being up to 1-0 mm. 
diameter, whilst on the Isle of Jura and Islay they average about 
0-2 mm. diameter. The proportion of iron is generally very low. 
Felspar and mica occur in varying proportions, veins of these 
minerals sometimes occurring along the joints, as at Glen Orchy. 
As a rule, the proportion of impurities is very low, the cement 
in most cases being completely siliceous. Many apparently 
excellent deposits of these rocks have not been worked as yet ; 
those which have been worked have been used chiefly for abrasive 
purposes. The rock from the Kentallen district is used for polishing 
and for soaps. The beds at Glen Orchy have been suggested as 
suitable for the manufacture of silica bricks, whilst the disintegrated 
quartzites on the beaches of Jura have been suggested for refractory 
purposes and glass manufacture. 

Pre- Cambrian quartzites are used to some extent as sources 
of sand. Their occurrence and distribution have been described 
on p. 39. 

The Anglesey quartzites are pale grey in colour and fairly 
fine-grained, the grains varying in size, according to Boswell, 
from 0-05-4 mm. in diameter. The Holyhead quartzites are 
more uniform in texture, the grains averaging 0-2-0 -3 mm. diameter. 
Felspar is almost absent, and only a small proportion of mica occurs, 
generally in the form of sericite. Iron oxide sometimes occurs in 
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tlio joints of the rock, causing stains. According to Boswell, the 
rock has the following composition : 


Silica 

99*32 per cent 

Alumina .... 

0*19 

Titanium oxide . 

0*03 

Ferric oxide 

0*02 

Lirno 

0*12 

Magnesia .... 

0*08 

PotaKh 


Soda ..... 


.Loss on ignition . 

6*21 


99*97 


The rock is generally very hard, but at Holyhead the quartzite 
is sheared in places and is termed “ soft rock ; it is readily ground 
up and used for ganister. The hard, massive quartzite is used for 
th(i manufacture of silica bricks. Silver or silica sand is also 
pr(q)jired for use in steel-casting, whilst the fine dust from the 
crushers is collected and sold as silica flour,” for painting stend 
ingot moulds and castings, and also for polishing -powders and 
scoTiring-soap. 

'^Phe vein quartz at Slieve More, Achill Island, contains about 
90 j)cr cent of silica and 0-04 per cent of iron oxide. Boswell 
found that the principal impurities, which amount to about 0*1 per 
cent, are metallic iron, green mica, and haematite. The crushed 
rock varies considerably in texture, some samples containing ovc^r 
85 per cent of grains between 0*25 and 0*5 mm. diameter, whilst 
others contain over 50 per cent of grains larger than 0-5 mrn. 
diameter and 40 per cent or more between 0*25 and 0-5 mm. 
diameter. Some portions are extremely fine, and contain from 
43-99 per cent of material finer than 0*()1 mm. diameter, so that 
they belong to the ‘‘ clay ” grade. The total amount of true 
sand present in the best qualities is about 98 per cent, whilst in 
other parts of the deposit the proportion of true sand may vary 
from practically nil to 63 per cent. The sand is chiefly used in 
the manufacture of soaps. 

The '' sand ” at Muckish Mountain, Co. Donegal (Ireland), 
is derived from the disintegration of a Pre-Cambrian quartzite 
of the Dalradian formation. The rock is found in all stages of 
decomposition. In some parts it consists of a crumbly sandstone 
which is easily crushed between the fingers ; a large quantity 
of sand is also present, though the main portion of the deposit 
consists of soft rock containing, according to Boswell, about 
99-5 per cent of silica and about 0-02 per cent of iron oxide. In 
some parts of the bed the amount of iron oxide is very small 
(0*009 per cent), whilst in others it rises to nearly 0*03 per cent. 
There are very few impurities present, zircon being practically 
the only heavy mineral impurity. 

The texture varies considerably in different parts of the bed, 
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but Boswell found an average of about 70-74 per cent of grains 
between 0*25 and 0-5 mm. diameter, and up to 22 per cent either 
over 0-5 mm. diameter or less than 0*25 mm. diameter. Up to 
2*5 per cent of grains over 1 mm. diameter may occur. The 
proportion of “ clay ” present is generally very small, and seldom 
exceeds 1-5 per cent. The proportion of true sand varies from 
95-99 per cent. This material has been suggested as suitable 
for glass-making, much of the deposit being suitable for the best 
optical glass. 

Cambrian quartzites are largely used as sources of sand in South 
Staffordshire and Warwickshire. Their occurrence and distribu- 
tion have been described on p. 40. The two principal Cambrian 
quartzites are the Lickey quartzite and the Hartshill quartzite. 

The Lickey quartzite consists of a very pale grey rock, stained 
in places by iron. The cement is siliceous, and clay, felspar, and 
mica occur in the rock, the sericitic form of mica being fairly 
common. Some cherty matter is also present. The material is 
used chiefly as road-stone and for the manufacture of silica bricks. 
Some is also crushed and used as ground ganister. It has also been 
suggested as suitable for the hearths of the open-hearth furnaces. 

The Hartshill quartzite consists of a hard grey rock with a pinkish 
tinge, consisting, according to H. S. Bell, of 94-45 per cent of silica, 
2-55 per cent of alumina, 0-77 per cent of alkalies, and 0-86 per cent 
of iron oxide. In some parts of the beds the proportion of felspar 
is rather high. The cement is chiefly siliceous, but some clay 
also occurs. The grains are somewhat irregular in size, but average 
about 0‘3 mm. diameter. The rock has only been used as a road- 
stone, but some parts may be suitable for the manufacture of 
silica bricks. 

Ordovician quartzites are chiefly found in Shropshire, under 
the name of Stiperstone quartzites. Their occurrence and distribu- 
tion have been described on p. 40. They are of a greyish colour 
with sometimes a greenish tinge, and associated with carbonaceous 
streaks which penetrate the rock irregularly. This quartzite 
contains, according to Boswell, about 96 per cent of silica, 2-24 per 
cent of alumina, and 0-06 per cent of iron oxide. It is of rather 
irregular texture, the size of the grains varying from about 0-2 mm. 
at Mil’s Hill to 0-3 or 0-4 mm. at Granham’s Moor. It is cemented 
chiefly by a siliceous cement, though in places it is somewhat 
argillaceous. The proportion of felspar and mica varies, but is 
lowest at Granham’s Moor. The grains are fairly angular in most 
parts, though some are sub-angular. The rock is chiefly used in 
the manufacture of refractory bricks, and for road-stone. Silica 
flour is also produced by grinding it to a fine powder. It has 
also been suggested by Boswell that the Stiperstone quartzites 
might be useful for the manufacture of glass. 

Carboniferous quartzites. — True quartzites generally occur in 
the Ordovician and older formations, but some of the beds of the 
Millstone Grit in Wales approach very closely to true quartzites. 


142 QUARTZITES 

They occur chiefly in the Easal Grit of the Millstone Grit Series 
of South Wales, though some parts of the Cefn-y-fedw sandstone 
of North Wales (p. 46) might also be classed as a quartzite. 

The Millstone Grit rocks of South Wales consist very largely 
of quartzites, much of the rock having been hardened by the 
intense silicification. In some places, however, the quartz cement 
is absent, and the material forms either a soft, loose sandstone 
or an incoherent sand or gravel. The best qualities of rock consist 
of a fine-grained, bluish-white quartzite containing practically no 
felspathic matter. 

At Hirwaun the rock is pale grey in colour, and consists of 
grains about 0-2 mm. diameter, associated with grains of chert, 
quartzite, etc., and a little plagioclase felspar. The loose rock 
and sand are of a similar nature. 

At Penwyllt, Neath, the rock consists of particles up to 0*4 mm. 
diameter, and there is also a rock known locally as spar,” which 
contains pebbles up to |-in. in diameter. 

At Bynea, Llanelly, the rock is extremely fine-grained, the 
particles being chiefly between 0*03 and 0-05 mm. diameter; whilst 
at Mynydd-y-Gareg a moderate proportion of micaceous matter 
occurs in the interstices between the grains of quartz. In other 
parts of the Kidwelly district the rock is somewhat coarser, contain- 
ing particles up to 0*3 mm. diameter and some felspathic matter. 

The Brynamman beds consist chiefly of white or pale grey 
sand, composed of grains between 0*1 and 0*15 mm. diameter. 
Some of the beds are composed of a pale grey or pinkish sandstone, 
cemented by siliceous matter and clay, and containing some 
felspar, whilst an adjacent very fine-grained bed consists of particles 
about 0*05 mm. diameter. 

The Upper Cwmtwrch rock is very pure, being very pale grey, 
and containing no felspar or mica and only a little interstitial 
impurity. The softer beds are somewhat coarse, and consist chiefly 
of grains 0*4 to 0*5 mm. diameter and containing some clay. 

A very fine bed locally termed ‘‘ blue stone ” is somewhat 
micaceous. The silica rock at Llandybie is very similar to the 
Cwmtwrch rock, only a very small proportion of felspar and mica 
being present. 

In Glamorganshire, the Basal Grit is very similar to the corre- 
sponding beds of Carmarthenshire. The famous Dinas rock of 
the Vale of Neath is a very pure quartzite containing only about 
0*5 per cent each of lime and iron oxide, and about 2 per cent of 
alumina. It is yellow or grey with a pale bluish tinge, is semi- 
transparent at the edges when carefully observed, and possesses 
many of the characteristics of crystalline silica (quartz). It con- 
sists chiefly of grains about 0*2 mm. diameter, and is associated 
with chert, clay, and some mica, derived from the decomposition 
of felspar. The Dinas material occurs both as rock and as sand 
with thin veins of clay, each form being of equal value for silica 
bricks and apparently consisting of the same material. 
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In Pembrokeshire the quartzite is moderately fine-grained, and 
of a greyish colour spotted with iron compounds. Heavy detrital 
minerals are especially abundant. 

The South Wales quartzites are used largely for the manu- 
facture of silica bricks, ganister mixtures, steel -moulders’ com- 
position, paint, etc. The sand is used for the same purposes, for 
lining open-hearth furnaces, and for silica cement. 

Amorphous quartzites are sometimes used in Germany as sources 
of sand for the manufacture of silica bricks. They do not occur 
in this country, but in Germany they are represented by Findlings 
quartzites or Erratic Block quartzites, which consist of fresh-water 
deposits of Tertiary origin belonging to the period during which 
lignite was formed. Under the microscope the grains of quartz 
are seen to be very small, with rounded edges, and are distributed 
uniformly through an amorphous mass of what Wernicke terms 
basal cement.” Hence the term amorphous quartzites.” Their 
origin is quite different from that of other quartzites, as they appear 
to have been formed of minute grains of sand cemented together 
by a siliceous jelly which gradually hardened and formed a siliceous 
cement. The chief accessory minerals in these quartzites are 
zircon and tourmaline. Rutile and muscovite, which are found 
in almost all other quartzites, are not found in these erratic quartzites. 
They have some resemblance to ganister, but the grains of silica 
in the latter are larger. When crushed, the rock breaks into very 
minute crystals, so that the expense of fine grinding is rendered 
unnecessary. They also have the advantage that, when heated, 
they attain their maximum expansion after very few hours, and in 
this way are in marked contrast to other quartzites. On repeated 
heatings they do not expand appreciably, hence their great value 
as a refractory material. 

They are chiefly used for the manufacture of silica bricks for 
electric and other metallurgical furnaces, where the requirements 
are very stringent. 

Although the name Findlings quartzite implies that this material 
is found in small isolated masses, it also occurs in massive form ; 
the latter is the one most largely used for silica bricks. 

Quicksand is a sand consisting of highly rounded grains produced 
by the long-continued action of water. It is readily distinguished 
by its very small rounded grains. If piled it continually runs 
down, thus making a very flat pile. Owing to the roundness of 
the particles it cannot be cut when in a pile as can angular sand. 
This type of sand is useful for hour-glasses and other apparatus 
where a highly rounded sand is required, but it is useless for building 
and similar purposes. 

Recent Sands are those which have been produced within 
comparatively recent times, and include fluviatile, estuarine, and 
deltaic deposits generally, as well as deposits produced by aeolian, 
volcanic, and organic and chemical actions (see also p. 76). 

Red Sands usually owe their colour to the presence of haematite, 
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which gives various tints from a deep blood-red to a pale flesh 
colour. The brown colour due to limonite is usually associated 
to some extent with the red colour of the haematite, thus giving 
a modified red tending towards brown. The red colour of Triassic, 
Permian, Devonian, and other rocks, and the purple colour of some 
sandstones, are due to the presence of ferric oxide, and the dull 
brown or yellow colour to ferric hydroxide. 

The blotching and variegation of colour in sand-beds is due- 
partly to irregular distribution of the iron compounds, and partly 
to the diflerences in their hydration and reduction by organic matter, 
and the removal of iron from some parts of the beds by carbonated 
water. 

Many sands are pale in colour in the natural state, yet become 
red when calcined (see Red-hurning Sands, below). 

Red-burning Sands are so named from their colour after they 
have been heated to a fairly high temperature ; this colour is due 
to the presence of iron compounds, which, on heating, are decomposed 
and oxidised, forming red ferric oxide, which gives the characteristic 
colour to the material. The colour is not entirely dependent on 
the proportion of iron present, but on the presence of lime (which 
reduces the colour by forming a white compound), the size of the 
grains -of the iron-bearing mineral, and the extent to which it is 
disseminated through the sand. Thus, if the iron occurs in 
relatively large particles more or less concentrated in some parts 
of the sand, it may not colour the sand to a very great extent ; 
but if it consists of very fine grains, evenly disseminated through 
the material, the colour may be much more pronounced, even 
though a smaller total proportion of iron is present. 

Red-burning sands are generally less refractory than paler 
ones, and consequently can only be used where resistance to heat 
is not so important. They are of no use where the colour of the 
sand is especially important, or where it might spoil the product, 
as in glass manufacture, and are consequently used for inferior 
purposes. The very red sands are only suitable for building 
purposes, concrete-making, etc., but the better qualities may be 
employed for facing bricks and tiles, dark glass-ware, foundry 
casting, steel-casting, etc. (see also Red Sands, p. 143). 

Refractory Sands is a general term, including all sands which 
can be used in furnace or other situations where a high temperature 
is attained. There is no generally recognised standard of heat 
resistance in this country, but, by many users, materials are not 
considered refractory unless they will withstand heating steadily 
to a temperature of 1580° C. (Cone 26) in an oxidising atmosphere, 
without showing any signs of fusion. This test is only of limited 
value, because in actual practice other influences must be taken 
into consideration, such as the action of the furnace -gases, the 
influence of slags and of sudden changes in temperature ; a sand 
is therefore not usually considered to be refractory unless it will 
withstand the conditions obtaining in commercial furnaces. As 
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these are seldom defined in detail, only actual trial will show 
whether a sand is sufficiently refractory for use in any particular 
case. 

In the broad sense, the word “ refractory ” is used to denote 
(i.) resistance to any tem|)erature to which a material is likely 
to be exposed ; (ii.) resistance to any pressure likely to be put on 
it by adjacent masonry, or by the contents of the furnace ; (iii.) 
resistance to the cutting and abrasive action of flame, flue -dust, 
and any other materials with which it may come in contact, 
including accidental blows from a poker or clinkering iron ; (iv.) 
resistance to such sudden changes in temperature as are unavoid- 
able in ordinary furnace practice ; and (v.) uniform expansion or 
contraction within reasonable limits. 

Few refractory sands fulfil all these requirements under very 
severe conditions, and the user must, therefore, decide to what 
extent he will forego some of the (to him) less important require- 
ments. To a very large extent this method of “ compromise ’’ 
depends on local circumstances for success, and without full details 
no satisfactory guidance can be given. It must also be remembered 
that the skilful use of the materials and the construction of the 
furnace also play an important part in the lasting qualities of 
the sand. 

The chemical composition of the refractory sand must be 
adapted to the reactions which occur when it is used. Most natural, 
refractory sands are siliceous, and so can only be used where the 
reactions occurring in the furnace, or location where they are used, 
do not have any adverse effect on the material. Some other natural 
sands, such as zircon sands, etc., may be used in special cases. 
Various artificial sands, such as carborundum fire-sand (p. 86), 
may also be employed as refractory sands. Mixtures of sands may 
sometimes be employed in preference to single ones. 

In selecting a refractory sand for any particular purpose, it 
must always be remembered that the substances with which the 
material comes into contact when heated will play an important 
part in the resistance it offers to heat. Thus, a siliceous (acid) 
sand will be destroyed rapidly if heated in contact with a base, 
such as lime. The two will react with each other to form a fresh 
compound which is much less heat-resisting than either the acid 
or the base taken separately. Similarly, a basic sand, such as 
zircon sand, will be attacked if brought into contact with an acid 
material at a high temperature, a fusible compound being formed 
which will rapidly destroy the furnace and the sand. 

Hence, refractory sands may be divided into three classes : 

(а) Acid sands, including all sands rich in silica and siliceous 
materials. 

(б) Neutral sands, including carborundum fire-sand. 

(c) Basic sands, such as zirconia sand, powdered magnesia, etc. 

Acid sands, in order to be refractory, must consist almost wholly 
of pure silica. The presence of small quantities of other minerals, 
VOL. I L 
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kSucIi as felspar, mica, etc., which introduce small percentages of 
lime, magnesia, potash, soda, or iron into the mixture, seriously 
reduce the refractoriness, and so render the sand useless for high- 
temperature work. The proportion of heavy detrital minerals 
may he quite small, yet may seriously impair the value of the 
sand unless it is specially treated in order to remove these 
undesirable constituents. Lamellar spangles of mica are more 
deleterious to the refractoriness of sand than are irregular grains 
of felspar. Similarly, the presence of siliceous materials in a 
basic refractory sand is deleterious. Further particulars on the 
use and requirements of refractory sands will be found in Vol. 11. 
Chapter VII. 

Residual Sands are variously defined as : (a) those which have 
been left behind at the place where they were originally formed 
by the decomposition or disintegration of some rock ; (6) those 
which have been left when a mixture of materials has been subjected 
to some denuding action, whereby part of the deposit has been 
removed and carried away, whilst the rest has remained behind ; 
and sometimes as (c) those which have been collected by glacial 
agency. 

Residual sands in group {a) include all primary sands (p. 136), 
as these have been formed in this manner. In group (6) arc 
included deposits which have been left behind by the disintegration 
of sedimentary rocks, such as the pocket sands of Derbyshire, 
Staffordshire, and Wales (p. 134). Residual sands of the (6) type 
may sometimes consist of a concentrated mass of some material 
which was too heavy, or in some other way too difficult, to be carried 
away by the particular denuding action which was acting on the 
material. Section (c) sands are residual in the sense that they 
have been left behind when the ice which collected and transported 
them was melted. 

On account of their mode of formation, residual sands may 
be either very pure or very impure. They are generally very 
variable in composition, as there has been little or no classifying 
action, so that they consist of an irregular conglomeration of coarse 
and fine particles of all the materials of which the original rock 
was composed, except those constituents which may be soluble 
and have previously been removed. The purest residual sands 
are those in section (6), in which, in a certain sense, most sands 
may be included. 

Rottenstone is a soft, porous, friable rock resulting from the 
decomposition of impure siliceous limestones. By the percolation 
of water, containing carbon-dioxide in solution, through the rock, 
most or all of the lime is removed, leaving a siliceous skeleton and 
any other impurities which may not be soluble. 

The sources of rottenstone have previously been described 
(p. 44). 

The composition of the stone depends on the rock from which 
it was formed. The following analyses, due to Dr. Pollard, show 
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the composition of two varieties of Welsh 
of best quality, while B is inferior : 

Silica ........ 

Titanium oxide 

Alumina 

Ferric oxide ....... 

Lime ........ 

Magnesia 

Carbon-dioxide 

Phosphoric acid 

Ferrous sulphate 

Soda 

Potash 

Water and organic matter .... 


rottenstonc, A being 


.A. 

0 . 

80-82 

7()'87 

0-20 

0-55 

5-82 

9-78 

3-70 

4()l 

1 -43 

l-(>() 

0-88 

1 -32 


027 

J*-3() 

1-30 

0-3 

O-f)!) 

1-40 

2-43 

4-00 

G-80 


The precise composition is, however, of loss importaiuie than th(^ 
angularity and minuteness of the grains and the fnicdom 'from hard 
crystals of felspar, etc. At the same time, it should notcxl that 
some of the best qualities of rottenstonc in Wales contain minute 
grains of crystalline silica. 

Rottenstone is chiefly used as an abrasive, the ro(*h bcung 
washed and ground. It is used in the form of powd(irs and polishevs 
for polishing metals, marble, etc. Tripoli is sometimes (n’roiUH)usly 
termed rottenstone. 

River Sands are described under Fhwiatile Handn (p. 104). 

Sand Scale is a deposit of calcium carbonate formcxl during 
the evaporation of brine in the manufacture of salt. It is not a 
true sand, and its name is misleading. 


Sandstones (Fig. 9) 
grains, cemented by 


consist chiefly of an aggregate of (piartz 
siliceous 


material formed either sedi- 
mentation in rivers, lakes, or 
seas, or by the accumulation of 
wind-borne detritus, which is later 
consolidated by the entrance of 
some cementing medium. Some- 
times other than siliceous material 
is present in the cement and gives 
the name to the sandstone, ejj, 
ferruginous or calcareous sand- 
stones. In other cases the stone 
is named after the predominating 
mineral impurity, as micaceous 
and folspathic sandstones. Sand- 
stones arc generally somewhat 
friable (breaking with unevcm 

fracture), porous, and liable to be staiiKxl by th<^ intrusion of 
impurities in solution. 

The principal impurities in sandstones an^ felspar and mica., 
but other minerals may be present, such as (fliloritts f-layc^y mattci*, 
calcite, iron oxides, garnet, tourmaline, zircon, cpidohq rutil(‘, 



Fui. 1). — Micro-Htruc-tiirf} of HandKtoru^. 
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a,nat»{iH(\ ct.f. 

()(‘(*urs in lar^c 

^n‘v i'oloui 


In Iventish ra^, Spilsby sandstone, etc., calcite 
< * r y s t a 1 1 i ne m asses . 

.. sandstones is dne to fragments of stale, 

or t-o tn(‘ pr(^s(m.ee of ferrous carbonate, finely divided iron 
pyrii.(*s and, in (‘jcca^.ptional cases, to iron phosphate. 

^^livided into several classes: (i.) Grits; 
(a.) Nand rocks ; (id.) Freestone ; and (iv.) Greywackes. 
drd.v arc coanst-grrained sandstones. 

M mrks nn^ loose, friable sandstones. 

/' /vr.s’/om' IS a, sandstone (though sometimes the term is also 
a|)pli(‘d to Iun<‘ston(^.) which can be cut into blocks in any direction 

without ' ' ‘ 

in anotl 


a. rnark<‘d tendency to split in any one plane more than 
i<‘r. It oc‘curs in beds, but is not divided into laminae, as 


ar(‘ most snadHtoru's. 


(Inyinirkv.s a,r<>: rocks consisting of a compact mass of rounded 
or suhungular g;r’ains of quartz, felspar, slate, or other minerals 
or rocks, cciuent(‘d by a siliceous, felspathic, calcareous, or other 
(Kmimit. Their cujlour varies from grey, through brown, to black, 
(‘spiiciMlIy whe!*(» much carbonaceous matter is present. Some 
gn^ywackcs arc* pak^ gr-cen or purple in colour. The texture varies 
from a (’oarsc grit to a fine stone. It is sometimes very fine-grained, 
and is aJinost <‘xac.tly like some igneous rocks ; in fact, it is often 
c.om posed iiiaiiily of granite debris, quartz -porphyiy, or other fel- 
Hfmthii^ rocks. 

Many FahuM>zoic and Lower Mesozoic sandstones are greywackes, 
and ajipcar to havt^ been formed by the accumulation of grains 
of igneous ro(d<s, ho tinich so that it is sometimes difficult to distin- 
guish tlumi from igneous rocks. 

daizv is n. Haiulstono in which the matrix is free silica (soluble 
in a. fioiliiig solution of potash) which has been precipitated as 
iin|)al})ablc whiter powder of low specific gravity. It is an import- 
ant (constituent of the Upper Greensand of England and France, 
HomctinH‘H up to 40-70 per cent being present, e.g. in the Earnham 
and Mia’Hiliarn fircistones- 

KandHtoiu^H which are suitable sources of sand for various 
purpoHCH uccnir in most formations above the Devonian or Old 
kcKl Handstonc? Heries. 

(UifiHmip nmH sandstones are largely used as sources of sand for 
th (5 iron and steel industries and for the manufacture of refractory 
bricks. Thi^y occur irregularly in each of the great divisions of 
th(^ Carboniferous rocks, their geological distribution being described 
on p. 42. Among the most important of these sandstones are 
th (3 ganiskim (p. 104), which are noted for their high resistance 
to h(3at. 

In the 3 Carboniferous Limestone Series in North Yorkshire are 
aev( 3 ral (;anuncrcially useful deposits of sandstones. At Wensley, 
Yorks (p. 44), a bod of white sandstone consisting of grains about 
Od mrn. (linmetor, cemented by siliceous matter with practically 
no impurities, lies below the pencil-ganister, and is worked for 
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silica bricks. The lower part of what is called the Nattrass Gill 
ganister at Gold Hill, Wear head, is not a ganister at all, but a pale 
grey sandstone consisting of grains between OT and 0T5 mm. 
diameter, cemented by a siliceous cement containing some material 
derived from decomposed felspar. In places it is somewhat iron- 
stained. 

In Durham, the Drigg Hazel rock of Lanehead, Weardale, and 
Harperley (p. 44) consists of a fine-gramed whitish or greyish 
sandstone with grains up to 0*2 mm. diameter, cemented by a small 
amount of siliceous matter with some quantity of heavy detrital 
minerals. A little chert and felspar occurs at Harperley, whilst 
mica occurs in the Lanehead rock. The 'dark grey or blue lower 
beds at Harperley are not so valuable, being generally rejected in 
favour of the better quality material. The Harperley rock is 
rather inferior as a refractory material to that at Lanehead ; it is 
entirely used for the manufacture of silica bricks. The Lunedale 
rock is a hard, fine-grained sandstone with grains up to 0*2 mm. 
diameter, and containing some decomposed felspar and chert, as 
well as titanium minerals and ferruginous matter. 

The Aid Crag silica rock of Northumberland is a buff-coloured, 
soft micaceous sandstone containing about 97 per cent of silica. 
The purest rocks are nearly white and are almost free from im- 
purities, but most of the best contain mica and some clay, as well 
as ferruginous matter. They are generally fairly coarse-grained, 
the particles being generally about 0*3-0 -4 mm. diameter. This 
rock is not much used as a source of sand, but blocks of it are used 
for furnace work. 

The Carboniferous Limestone sand ” worked at Waen, near 
Mold (p. 44) in North Wales, consists of a soft, white sandstone. 
It is readily crushed, and is quite pure, containing, according to 
Boswell, about 99 per cent of silica and only about 0*024 per cent 
of iron oxide, so that it has practically no iron stains. It is very 
uniform in texture, the main portion of the material being of 
grains between 0*25 and 0*5 mm. diameter. There is also about 
12 per cent of grains less than 0-25 mm. diameter and up to 10 per 
cent of grains over 0*5 mm. diameter. Much of the finest material 
can readily be removed by washing. There is very little heavy 
detrital material present in the material, that which does occur 
consisting chiefly of ilmenite partly converted into leucoxene, 
anatase, tourmaline, zircon, and rutile. Some decomposed felspar 
also occurs. This ‘‘ sand ” is j)i*incipally used for the manufac- 
ture of soap, and has been suggested as suitable for glass -making 
and various refractory purposes, such as linings of open-hearth 
furnaces. 

The sand at Miner a (p. 47), which belongs to the same forma- 
tion, is rather coarser and less uniform in texture. In a sample 
examined by Boswell about 17-18 per cent of grains were over 
1 mm. diameter, and a total of nearly 50 per cent exceeded 0*5 mm., 
as distinct from less than 10 per cent in the case of the Mold 
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deposits. The colour of the sands in this district is whitish, turning 
grey on heating. 

The sandstones occurring in the Carboniferous Limestone rocks 
of Scotland are generally white or pale grey in colour and fairly 
fine-grained. The proportion of interstitial matter varies con- 
siderably, and mica is also present in varying amounts. Ferrugin- 
ous and carbonaceous matter is generally present in moderate 
proportions, and the beds may be locally iron-stained. 

The Scottish Carboniferous Limestone series includes some of 
the “ Eotten rocks ” — so called on account of the decomposition of 
the felspar in them forming mica, silica, and kaolin. The alkalies 
have been partially removed, so that the rocks are fairly refractory. 
They also contain a notable proportion of hydi'ated iron oxide. 
They are usually fairly coarse ; according to Boswell, the Auchen- 
heath rock (p. 45) contains 25*7 per cent of grains over 1 mm. 
diameter and 69 T per cent between OT and 1 mm. diameter. They 
vary in colour from white to yellowish or pale brown. 

At Caldwell (p. 45) sand is derived from a soft sandstone which 
has been partially decomposed and is, consequently, easily reduced 
to powder. The material varies from a cream to a reddish-brown 
colour, the percentage of iron oxide being, according to Boswell, 
0*04. The silica is rather low, being only about 94 per cent, whilst 
alumina occurs to the extent of about 4 per cent. Nearly OT per 
cent of heavy detrital minerals occur, the chief being garnet, 
tourmaline, limonite, ilmenite, zircon, rutile, and epidote. Muscov- 
ite mica flakes also occur. Boswell found that the texture of this 
material is fairly coarse, about 83 per cent of the grains being 
between 0-25 and 0-5 mm. diameter and up to 6 per cent over 
0*5 mm. diameter, whilst up to 5 per cent of “ clay’' is present. 
The total amount of true sand in the unwashed material is about 
94 per cent, whilst in the washed product over 99 per cent is present. 
This sand is chiefly used as a refractory material, though it has 
been worked for glass-making. 

At Kilwinning (p. 45) a soft white sandstone containing nearly 
99 per cent of silica and only 0*02-0-03 per cent of iron oxide occurs 
in a bed over 20 ft. in thiclmess. It is low in alumina, containing 
only about 0*5 per cent. Boswell found very little impurity present, 
the amount of heavy minerals being only about 0*02 per cent, 
and consisting chiefly of ilmenite, leucoxene, limonite, muscovite, 
tourmaline, sillimanite, rutile, and zircon. The natural material 
contains rather a large range of sizes of grain, a little over half 
occurring between 0*25 and 0*5 mm. diameter. About 30 per cent 
of the grains are between 0*5 and 1 mm. diameter, and up to 1.4 
per cent are over 1-0 mm. diameter. After washing, the quality 
is improved considerably. 

At Plean, near Stirling, the texture of the stone is more uniform ; 
in a sample examined by Boswell, about 80 per cent of the material 
consisted of grains between 0*25 and 0*5 mm. diameter. The 
colour of this rock is slightly greyer than that at Kilwinning. The 
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Plean rock contains rather more clay,” up to 4-5 per cent being 
present. 

Similar rocks occur at Cowie, near Stirling, Enngscavil, near 
Linlithgow, Glenboig, and Hailes, near Edinburgh (p. 45). They 
vary in colour from grey to a brownish colour, the proportion of 
iron in most cases being quite low. 

The sandstones of the Calciferous Sandstone Series of Scotland 
consist chiefly of fine-grained and generally buff-coloured stone, 
consisting of particles of silica associated with micaceous and 
felspathic matter, and some carbonates with ferruginous matter as 
a cementing medium. Some of the Ayrshire beds are quite soft 
and easily broken down to a moderately sharp sand. These sand- 
stones have not been largely used as sources of sand, but some beds 
have been tried for steel-moulding, whilst the Ayrshire beds have 
been suggested as suitable for lining open-hearth furnaces. 

The Calciferous Sandstone rocks of Ireland yield several 
valuable sands. Thus, at Coolkeeragh, near Londonderry (p. 42), 
sand is obtained from soft white or pink sandstones belonging to 
this series, and containing about 85 per cent of silica and nearly 
9 per cent of alumina, a considerable amount of partially decom- 
posed felspar and clay beiug present. According to Boswell, about 
0*18 per cent of iron compounds is present, up to 7 per cent of 
clay,” and about 0*05 per cent of heavy minerals, including 
muscovite, chlorite, tourmaline, garnet, zircon, rutile, leucoxene, 
anatase, and ilmenite. The texture is fairly uniform, and consists 
of about 76 per cent of grains between 0-25 and 0-5 mm. diameter, 
together with about 7 per cent each of grains over 0-5 mm. and 
between 0-1 and 0*25 mm. diameter. This material is used chiefly 
for the manufacture of glass bottles. 

The white sand from Cookstown, Co. Tyrone, derived from a 
soft white sandstone, occurring in the same series, contains, accord- 
ing to Boswell, about 97 per cent of silica, 1*6 per cent of alumina, 
and about 0-04 per cent of iron compounds. In some of the washed 
samples of the best sand, the proportion of iron is reduced to 0-02 
per cent. Only about 0*03 per cent of heavy minerals are present, 
these consisting chiefly of zircon, rutile, anatase, ilmenite, and 
tourmaline. Felspar and clay occur to the extent of about 3-5 per 
cent. The texture of the material is fairly uniform, about 80 per 
cent of the grains being between 0-25 and 0-5 mm. diameter, whilst 
up to 10 per cent of the grains may be larger than 0-5 mm., and up 
to 5 per cent smaller than 0-25 mm. diameter, apart from the 
clay ” present. This sand is used for the manufacture of glass 
bottles. 

The Millstone Grit rocks consist almost entirely of sandstones ; 
only parts of the beds are commercially useful as sources of sand, 
though much of the rock is quite suitable for building-stone. 

Some of the sandstones of Durham which cannot be classed 
either as ganister or as bastard ganister, and yet are used for some 
of the same purposes as ganister, consist chiefly of pale grey or 
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buff -coloured rocks, usually somewhat micaceous, having a fairly 
fine texture, the grains averaging about 0*1 mm. or less in diameter. 
Generally the cement is for the most part siliceous, the impurities 
present in it usually occurring in larger proportions than in the 
true ganisters. At Knitsley Fell, in the silica rock occurring above 
the pencil ganister the grains of silica are coated with iron oxide, 
and quite a large proportion of impurities are present in the cement. 

At Castle Hill Quarry, Consett (p. 48), some of the sandstone 
is cemented chiefly by ferruginous matter. The sandstones in this 
district are chiefly used for the manufacture of silica' bricks, some- 
times with the addition of ganister or bastard ganister. 

The Growstones of Cheshire consist chiefly of white or greyish 
sandstones of much coarser texture than the ganisters. In that 
at Mow Cop, Cheshire, the grains are rather coarse (up to 2 ram. 
diameter), and contain a fairly large proportion of sericitic matter 
and clay in the interstitial cement. 

At Kidsgrove, near Stoke-on-Trent, the beds are much finer 
in texture, the average grain size being 0-5-0-8 mm., whilst a 
considerable proportion of smaller grains from 0* 1-0*2 mm. fill up 
the interstices. Felsite and chert also occur in this rock. The 
crowstones at Congleton and Burslem are still finer -grained, and are 
somewhat deeply iron-stained in places ; felspar and mica are 
much more common in the Congleton rock than in the other parts 
of the beds. 

The crowstones are used chiefly for the production of silica- 
cement and silica-sand, as well as fine-grained silica-powder. At 
Burslem they are used for the production of silica bricks and 
ground ganister. 

The Cefn-y-fedw sandstones appear to belong to the Millstone 
Grit rocks ; they consist of more or less silicified sandstones, which 
in places are really quartzites. At Bwlchgwyn the white and 
tough quartzite, stained to a purplish colour near the surface and 
somewhat iron-stained at the joints, is worked for making silica 
bricks. It is fairly fine-grained, the particles being up to 0*8 mm. 
diameter, and associated with a moderate proportion of cherty 
matter. It is very free from impurities, containing no felspar or 
mica and only a small proportion of iron compounds. At Llan- 
gollen the texture is very fine, the grains being between 0*1 and 
0*15 mm. diameter. 

At Trevor, near Ruabon, and Ffrith, near Wrexham, the rock 
is coarser in grain, the particles being up to 0*3 mm. diameter, 
whilst at Garth Mine, near Ruabon, grains up to 0*8 mm. diameter 
occur. Felspar, felsite, and chert occur in varying proportions, 
and at Llangollen some carbonates are present in the cement, which 
contains much interstitial matter. Kaolinitic matter occurs at 
Trevor, where the rocks are also rather felspathic. At Garth 
Mine, mica, chlorite, and limonite, as well as kaolinitic matter, 
occur in appreciable proportions. 

The Cefn-y-fedw sandstone is used chiefly for the manufacture 
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of silica bricks and ganister mixture ; at Erith Works, near* Mold, 
it is used for the production of abrasive soaps ; whilst at Hafod, 
in the same district, it is used for silica flour, as well as being dressed 
and used in its natural state for furnace linings. 

The siliceous sandstones of Lanarkshire and Stirlingshire consist 
of whitish and micaceous rocks, generally fine-grained, and (jemcjntcid 
partly by siliceous material and partly by clay. They are used 
chiefly for the manufacture of silica bricks. 

The “ Rotten rocks ’’ of the Millstone Grit Scries (p. 4cS) ar’o 
of the same nature as those in the Carboniferous Limestone? (p. 150), 
but are somewhat finer in texture. According to Boswell, the? 
Garngad sand contains 60-9 per cent of grains between O-l anel 
0*5 mm., whilst the sand from the Inchneuk Quarry, Glcnboig, 
contains 86*9 per cent between these limits. 

A pure white sandstone, containing at the top about 97-98 per 
cent of silica, which occurs above the ganister at .Falkirk, has 
been suggested as suitable for the hearths of open-hearth furnaces. 

At Levenseat, Scotland, there is a bed of soft yellow or brownish 
sandstone about 80 ft. thick, which is readily disintcgrat(?d into 
loose sand containing a fairly large proportion of ferruginous 
matter and clay, largely removed by washing, the ])roduct b(?ing 
a sand of creamy colour, which darkens on burning, but contains, 
according to Boswell, over 99 per cent of silica and about 0-03 ])(?r 
cent of iron oxide. The proportion of heavy minerals is g(?uerally 
less than 0*1 per cent, and consists chiefly of ilmcnite, l(?u(?ox(?ne, 
zircon, rutile, and tourmaline. According to Boswell, th(? t(?xture 
of this sand is quite uniform, over 88 per cent occurring betwo(?n 
the sizes 0*25 and 0*5 mm. diameter, and 6 per cent betwc?on 0*1 
and 0-25. About 1*6 per cent of clay ” is present in th(? naturaJ 
material. In the washed product, nearly 95 per cent of tin? mat(?rial 
lies between 0*25 and 0*5 mm. diameter. This sand is (•.hi(?fly 
used for common glass-ware, but it is also suitable for lining ()|)(?u- 
hearth furnaces. 

The Lower Coal Measure^s yield many sandstones which ar(? 
valuable as refractory materials. These are usually (?hiss(^d a,s 
bastard ganisters (p. 107), but some arc really siliceous sandstoiK^s. 

The Guiseley rock at Guiseley, Yorks (p. 49), is a white? 
quartzitic sandstone of fine grain, the particles b(?ing g(?n(?rally 
about 0*1-0*15 mm. diameter, cemented by a siliceous (;(?ni(?nt, with 
which is associated a considerable proportion of h(?avy (l(?tr-ital 
minerals, including, accordirig to Boswell, garnet, anatasc?, ilni(?nit(‘, 
rutile, zircon, limonite, and leucoxenc. Some parts of the? b<?(ls an? 
almost free from mica, whilst others contain it in mod(‘rat(?ly larg(? 
flakes. The beds are practically non-f(?lspathie. An analysis by 
Boswell shows 97*5 per cent of silica, with 1*8 per cent of aJurmhia 
and about 0*09 per cent of iron oxide, togeth(?r with a. little lime?; 
and a mechanical analysis by him shows that the? (?rush,(?(l ro(?k 
contains 40 per cent of grains betwe(?n 0*25 and 0*5 rnin. (Iia,m(‘t(‘r, 
and about 44 per cent is between 0*1 and 0*25 mm. and n(?ar'ly 
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10 per cent between 0*01 and 0*1 mm. diameter. More than 6 
per cent of “ clay ’’ is also present. This rock is used chiefly 
as “ ganister ” and for making silica bricks. 

The cream-coloured sand of Ballycastle, Ireland, which contains, 
according to Boswell, nearly 99 per cent of silica and only about 
0-02 per cent of iron oxide, is derived from a soft white or creamy- 
coloured sandstone which occurs in a bed about 60 ft. in thickness 
above the Main Coal of the Lower Carboniferous strata. Boswell 
has found that this sand is quite uniform in texture, about 83 per 
cent of the grains being between 0*25 and 0*5 mm. diameter, 
together with about 12 per cent between 0*1 and 0*25 mm. diameter. 
There is seldom more than 1 per cent of “ clay.” The total propor- 
tion of true sand is very high, being between 98 and 99 per cent. 

In the Middle Goal Measures are several sandstones which are 
worked as sources of sand for refractory and other purposes ; the 
most important are the following : — 

The Ketley sandstone of the Middle Coal Measures of Shropshire 
is a very soft pale-coloured stone, which is readily powdered between 
the fingers. It is fairly fine, and consists chiefly of grains between 
0*2 and 0*3 mm. diameter, the particles being largely coated with 
ferruginous and other impurities. It is used for the manufacture 
of silica bricks, and is also ground to produce a sand for lining 
re-heating furnaces. 

Oornal stone is a pale, bufl-coloured powdery rock consisting 
of grains between 0*2 and 0*5 mm. diameter, of quartz, together 
with chert and decomposed felspar, sericitic and kaolinitic material. 
Iron compounds are evenly disseminated through the rock, and are 
generally present only to a moderate extent. This stone, when 
reduced to powder, is used as cupola sand, ‘‘ best white sand ” 
for gas-works, and as a scouring sand. A so-called ganister which 
lies below it is used for wall -plastering and as ground ganister. 

The sandstone of the Middle Coal Measures at Biddings, near 
Alf reton, is pale grey in colour and fairly fine-grained, containing 
some mica, clay, and calcite. It is used together with ganister 
sand for the manufacture of silica bricks. 

Triassic sandstones , — The Rhaetic sandstone at Morriston, 
Glamorganshire, is of a greenish-grey colour, and consists of particles 
from 0*15 to 0*2 mm. diameter, associated with chert, felsite, 
micro dine, and other felspars. The rock is rather friable ; it is 
used for making silica bricks, and when ground it is also used for 
furnace linings. 

Bunter sandstones which are of commercial value are usually 
soft and friable, and are dealt with under Bunter Sands (p. 85). 

Jurassic sandstones are sometimes used as sources of sand 
for refractory and other purposes. Thus, the sandstone below 
the Castleton ganister in the Estuarine Series, near Sheffield, is of 
a bufl or yellowish colour and is fairly soft, consisting of grains 
from 0*05 to 0*1 mm. diameter, set in a partially ferruginous and 
partially siliceous cement, which contains various impurities in 
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addition to iron, including mica and chlorite. It is used chiefly 
as a casting sand in foundries. The freestone below it is rather 
coarser, consisting of grains from 0*2 to 0-3 mm. diameter, and 
containing more felspar and mica, as well as iron compounds, 
including limonite and carbonaceous matter. It is brownish in 
colour and speckled with impurities. It is used in conjunction 
with the yellow sandstone as a foundry moulding sand. 

The sandstone occurring below the Hard Ganister at Common- 
dale consists of soft white or yellowish rocks, the top beds being 
of greatest purity. It is chiefly ground to produce silica sand, 
which is used for the hearths of open-hearth furnaces and for 
patching purposes. A silty rock of very fine texture also occurs 
in the same beds, and is used for casting iron. 

White flint is the name given to a sandstone which occurs above 
the Hard Ganister at Commondale, and also at Deep car, near 
Sheffield, and at Meltham, near Huddersfield. It is very hard 
and of a pale grey colour ; the grains are generally about 0T5 mm. 
diameter, and are cemented chiefly by siliceous material, which 
occurs in considerable proportions. Eelspar and mica occur only 
in very small proportions. At Deepcar it is rather finer in texture 
than at Commondale, and is of a buff colour. Rutile and zircon 
are specially abundant. 

At Meltham, near Huddersfield, the '' white flint ” is similar 
to the Commondale rock, but is of a pale buff colour, on account 
of the iron oxide present. This rock is used chiefly for the manufac- 
ture of silica bricks at Deepcar and Huddersfield. The rock at 
Commondale is not at present used to any great extent ; its use 
for silica brick-making has been attempted successfully, but only on 
a very small scale. 

Santorin Earth is a siliceous, volcanic ash found on the Greek 
island of Santorin. It is similar to jpozzuolana (p. 136) and trass 
(p. 165), but contains rather more silica and less alumina. It is 
used in place of part of the sand in waterproof concrete, as it com- 
bines with the lime set free when Portland cement is wetted, and . 
forms therewith a fresh cementitious compound. 

Schists are crystalline rocks having a characteristic structure 
composed of more or less closely-parallel layers or folia, consisting 
of one or more minerals, either in distinct or alternating laminae, 
or intermingled in no definite order. The texture is somewhat 
similar to that of stratified rocks, but the layers are not continuous 
and are often broadened out into lenticles. They are frequently 
contorted and sharply curved, this structure being particularly 
evident under the microscope. The layers are not readily detached 
from each other, but form a tough and not easily fissile mass. 

Schists are usually named by some characteristic mineral which 
they contain, as mica-schist, chlorite-schist, hornblende -schist. 
Mica-schists must not be confused with micaceous sandstones, 
which also contain numerous laminae of mica and are easily split 
up into flakes. Such a structure, though similar, is not truly 
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schistose, being due merely to the mode of settlement and not to 
crystallisation in situ. 

Schists have been formed by the action of various metamorphic 
influences, particularly pressure upon sands and clays. They 
occur chiefly in the Highlands of Scotland and the North of Ireland. 
They are sometimes used for the manufacture of silica bricks, 
though generally they are unsuitable for this purpose. 

The Port-a-cloy rock found near Stonesfield (Co. Mayo) consists 
of a decomposed quartz-mica schist, which, according to H. F. 
Harwood, has the following analysis : 


Silica 


76*47 per cent 

Alumina 


. 12*66 

Titanium oxide 


. 0*31 

Ferric oxide 


1*82 

Lime 


. 0*12 

Magnesia 


. 0*45 

Potash 


5*05 

Soda .... 


. 0*31 

Loss on ignition . 


. 2*94 „ 


According to Boswell, it contains numerous grains of rutile, 
ilmenite, zircon, chlorite, muscovite, and mica, whilst about half of 
the crushed material consists of grains between 0*25 and 0-5 mm. 
diameter, together with nearly 30 per cent between OT and 0-25 mm. 
diameter. About 3 per cent of coarse grains between 0-5 and 1 mm. 
diameter and nearly 4 per cent of clay ” are also present. 

Sea Sand is produced by marine deposition, but it is largely 
j derived from the action of glacial, fluviatile, estuarine, and aeolian 

I forces. The common idea is that sea sand is chiefly produced by 

I the erosive action of the sea on the coasts, but this is improbable. 

I Some sand is certainly produced by this means, but the greater 

i part of the sea sand appears to have been delivered as sand to the 

i sea and accumulated by various agencies along the shores. (See 

; Shore Sands, p. 157.) Nine-tenths of the world’s coasts being 

lined with sandy beaches, there must be an omnipresent source 
of supply, far greater than the direct effect of sea-water on the 
I coast. Moreover, large sandy beaches occur at the foot of many 

coast-lines made of materials which do not produce sand. 

Sea sand is usually yellowish in colour, though at the junction 
of some rivers with the sea it is almost white, as Calais sand. The 
less pure varieties contain much iron, sometimes a large proportion 
of foie chalk, and almost invariably some salt. Th^e latter can 
seldom be completely removed by washing, so that sea sand cannot 
be used where this ingredient is harmful. Many sea sands also 
contain a considerable proportion of organic matter, together with 
the remains of living organisms, such as shells. They also contain 
a very large variety of different minerals, though the proportion 
of each is often too small and too variable to determine accurately, 
'’^condary Sands are those which have been carried away by 
• or other denuding agency from the place where they were 
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originally formed and have been re-deposited. They are usually 
purer than primary sands, on account of the classifying action of 
the wind or water which has transported them to the new situation. 
Thus the heavy minerals present will be eliminated to some extent, 
unless they are very fine, as a current of air or water capable of 
carrying grains of quartz of a certain size will only be able to carry 
very much smaller grains of heavier minerals, so that the larger 
grains are left behind. There may also be a considerable amount 
of classification with reference to the sizes of the grains. 

Sedimentary Sands are identical with secondary sands, and owe 
their name to the fact of their first being suspended in water and 
then allowed to settle, forming sediments. They are sometimes 
termed transported ” sands. 

Shell Sands contain a large proportion of comminuted shells, and 
are generally found on low, shelving coasts exposed to prevalent 
on-shore winds. In some places they are consolidated into a hard 
mass by the solution and re-deposition of lime around the shell 
grains. Shell sands are used to some extent by farmers for dressing 
land, the calcium carbonate present enriching the soil. (See also 
p. 35.) 

Shore Sands are those occurring along the sea coasts in the form 
of beaches, dunes, etc., and may be produced either by (a) the 
disintegration of rocks along the sea coast ; (6) the accumulation 
from some other locality of material from disintegrated rocks, 
brought to its present situation by marine action ; (c) materials 
reduced to powder by fiuviatile or glacial action and transported 
to the sea, from which they are thrown back on to the shore ; or 
{d) the accumulation of loose material as a result of wind or aeolian 
action. Sands belonging to section {d) are further dealt with under 
the heading Blown Sands (p. 82). 

Most beaches are formed of sands accumulated by methods (a), 
(b), and (c), but they are augmented by blown sand (d). The 
occurrence and distribution of shore sands are dealt with on p. 77. 

The colour of shore sands varies from almost pure white to dark 
brown, through various shades of grey, yellow, and brown. There 
are no pure white sands of this type in the United Kingdom which 
are present in sufficient quantity to be commercially useful. Grey 
sands, according to Boswell, occur at Ballyphetrish, Tiree, Clona- 
kilty, Co. Cork (Ireland), Laig Bay, Eigg, and Laggas Bay, Islay 
(Scotland) ; these contain very small proportions of iron oxide, 
though, on burning, they turn a rather darker colour. The sands 
of Ardara, Co. Donegal, vary from pale to yellowish brown, whilst 
those of Ballycastle and Portrush (Co. Antrim), Coalisland (Lough 
Neagh), Machrihanish Bay, Millisle, Co. Down, and Sutton, Dublin, 
are also brownish in colour. They mostly darken slightly on 
burning, on account of the oxidation of the ferrous iron compounds 
present. 

The chemical composition of shore sands varies considerably, 
depending on the nature of the rocks from which they have been 
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formed, the character of the actions resulting in their accumulation, 
and many other factors. The purest shore sands occur, according 
to Boswell, in the Isle of Jura, and contain about 0-07 per cent of 
iron oxide and nearly 98 per cent of silica. The sand at Sandy- 
mount Strand, near Dublin, used for glass bottles, contains only 
about 84 per cent of silica, 5 per cent of iron oxide, and nearly 
5 per cent of lime. 

The sands at Maghera and Sandfields, Ardara, Co. Donegal, 
contain about 0-7 per cent of iron oxide, as well as a considerable 
amount of calcareous shells and heavy detrital minerals. 

The texture of shore sands varies considerably. According to 
Boswell, the best qualities contain over 90 per cent of grains between 
0-25 and 0-5 mm. diameter ; the beach sand of the Isles of Jura and 
Eigg contain over 95 per cent of grains between these sizes, whilst 
the sands of Maghera, Co. Donegal, Portrush, Co. Antrim, and 
Camas contain over 98 per cent. A few sands contain a larger 
proportion of coarser grains, as at St. Ives, where 16 per cent of 
the grains exceed 0*5 mm. diameter. 

A variable proportion of grains less than 0*25 mm. diameter also 
occurs in various shore sands. Thus, Boswell found that the sands 
of Sandfields, Co. Donegal, and Ballycastle (Ireland) contain nearly 
16 per cent of grains between 0-1 and 0*25 mm. diameter; whilst 
at Clonakilty, Co. Cork, about 22-24 per cent of grains within these 
limits is present; and at Machrihanish Bay, Ball 5 q)hetrish, and 
Laig Bay (Isle of Eigg) there are respectively 30, 34, and 45 per 
cent of the finer grains. The sands of Sandymount Strand, Dublin, 
Laggas Bay, the Isle of Islay, and at Millisle, Co. Down, consist, 
according to Boswell, largely of fine grains between 0*1 and 0*25 
mm. diameter, the first containing about 65 per cent, whilst the 
other two contain between 70 and 80 per cent of these grains. He 
found that the proportion of '^clay” is usually quite low, and 
seldom exceeds about 1*5 per cent. At Aberdeen, however, it is 
nearly 3 per cent, and at Maghera Green (Ireland) 8 per cent occurs. 

Shore sands are used for various purposes. The English shore 
sands are too impure and too variable in composition to be used 
for any purposes other than those for which a crude and impure 
sand will serve. Some of the Irish shore sands are, on the contrary, 
sufficiently pure to be used for glass manufacture. The poorer 
qualities are used for building purposes and where a material 
of great purity is not essential. 

Silica Flour is finely divided silica sand or crushed quartz, which 
is used for various purposes, including the facing of dry-sand 
moulds so as to give a smooth surface to the castings, as a filler 
and detergent in the manufacture of soaps and cleansing powders, 
in metal -polishes, etc. 

A small quantity of silica flour is sometimes used in the manufac- 
ture of sihca bricks where a dense structure is required. Silica flour 
is also used as an abrasive and in the manufacture of ultramarine. 

Silica Rocks are largely used as sources of sand where a suitable 
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incoherent sand is not available. They may be divided into four 
classes : 

(i.) Quartzites and schists. (See Quartzites, p. 138, and Schists, 
p. 155.) 

(ii.) Silica rocks, sandstones, and grits (p. 147). 

(iii.) Ganister (p. 104). 

(iv.) '' Amorphous ” quartzites having extremely fine grains 
(p. 143). 

Siliceous Sinter is a form of hydrated silica, also known as 
geyserite and Kieselsinter ; it is produced by the precipitation of , 
silica from solution around hot springs, etc., where the solution 
comes into contact with the air. It may occur as crumbling and 
earthy, compact and flinty, or finely-laminated and shaly deposits. 
It may be dull and opaque or translucent, in the latter case having 
a pearly or waxy lustre. When pure, it is snowy white in colour, 
but is often tinged with yellow or pink. It consists of 84-91 per 
cent of silica, together with small proportions of alumina, ferric 
oxide, lime, magnesia, and alkali, and from 5 to 8 per cent of water. 
In Iceland, a bed of siliceous sinter is said to be six miles long, nearly 
a mile wide, and a hundred feet thick ; whilst in the Yellowstone 
Park, America, similar enormous beds occur. 

Silt is a detrital material produced by fluviatile, lacustrine, or 
glacial action, and consists mainly of very fine sand and granular 
non-plastic materials, together with a greater or less proportion of 
clay. Seger defines silt to be that portion which may be washed 
away by water travelling at 0-7 mm. per second. This corresponds 
to particles between 0*01 mm. and 0*025 mm. diameter, but Boswell 
defines it as 0*01-0*1 mm., dividing the sizes into (a) fine silt, con- 
sisting of particles between 0*01 and 0*05 mm., and (6) coarse silt, 
which consists of particles 0*05 to 0*1 mm. diameter. 

Silt may be composed of either fine calcareous or siliceous 
material, together with a variable proportion of clay, according to 
the nature of the rock from which it is derived. It is sometimes 
known as dump or dujf. 

The Humber silt has been successfully used for making bricks, 
many of which have been used for Grimsby docks and town. It is 
of a dark blue colour, which soon, from exposure, changes to brown. 
On burning, the bricks vary from a dark purple to a dirty white, 
passing through various shades of blue, red, and yellow in a space 
of two or three inches. 

The slime or silt from the River Parrett is used in the 
manufacture of bathbricks, an important household abrasive and 
cleansing agent. 

Silver Sand is a fine white sand which owes its name to its 
supposed silvery appearance. It is found in small quantities in 
many localities in the form of “pockets'” in clay beds. Large 
quantities of silver sand are imported from France as ballast for 
returning vessels, and for that reason it is often known as Calais 
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sand, though it need not have been quarried near Calais. It is 
largely used in agriculture for opening up heavy soils, as a coarse 
abrasive, for scouring purposes, glass manufacture, as a source of 
silica in various chemical industries, and generally for all purposes 
for which a pure silica sand is used. The appearance of silver sand 
is often misleading, as it gives the impression of being a very pure 
sand, though this is by no means always the case. (See White Sands, 

p. 168.) 

Soil is that portion of the uppermost layer of the earth’s surface 
which is in a sufficiently loose state of division to be suitable for 
the growth of plants. It consists of the finer mineral particles 
produced by the action of the weather on rocks, together with 
decayed animal and vegetable matter — that is, of a mixture of 
sand and clay, with or without other materials, — and is exceedingly 
varied in character. Soil is usually formed by the growth of 
vegetable matter on the weathered xipper surfaces of rocks. Apart 
from, the disintegration of a rock at the surface, little change may 
take place until plants commence to grow in ib. The decayed 
vegetable matter becomes mixed with the rock residue and forms 
what is known as soil or earth. The organic substances dissolved 
in the water, percolating through this soil and descending to the 
rocks below, aid further in disintegrating the rock. 

A section through a soil bed and the rock below would show a 
continuous gradation between the soil above and the solid rock 
below, passing from the sandy subsoil through pebbles and large 
stones until finally the undecomposed rock occurs. In Great 
Britain the soil forms a layer from a few inches to more than 
a foot thick, and below it lies the rock, with an intermediate material 
— the subsoil — between them. There is frequently a strong re- 
semblance between a soil and the rocks on which it lies, but great 
differences between them exist so frequently that it is impossible 
to lay down any definite rule for their comparison. 

In some cases, soils are formed by material which has been 
transported either by water or by wind from some other locality and 
deposited. 

Dust and sand may be intercepted by plants, etc., and gradually 
descend to the soil below or be washed down by rain, increasing the 
thickness of the soil. Thus the rich soil of the plains of China, 
termed '' loess ” (p. 125), is partly the result of the deposition of 
blown detritus. In Central Asia the air is sometimes thick with a 
fine yellow dust, which, in Khotan, is sometimes so thick as to 
obscure the light of the sun. This dust gradually settles and forms 
a valuable soil, rendering the land very fertile. 

The action of the various natural agencies at work in the dis- 
integration and weathering of rocks has already been described 
(Chapter I.). Soils are termed sedentary ” when they have 
been formed by the simple disintegration of the rocks on which they 
rest, and “ transported ” when they have been carried to other 
places by water, ice, or wind. 
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Soils are divided into four chief groups, according to their main 
constituent : (a) argillaceous or clay soils ; (6) arenaceous or sandy 
soils ; (c) calcareous or marly soils : and {d) humic or peaty soils. 

The soils which most interest the reader of this volume are 
class (6), and these may be divided into three sections : 

(i.) Sandy soils containing 80 per cent or more of sand. 

(ii.) Loamy sands containing 70-80 per cent of sand. 

(hi.) Sandy loams containing 60-70 per cent of sand. 

Soils containing large proportions of sand are very porous, 
friable, and light or '' open,” and are very valuable for certain 
branches of agriculture. (See Vol. II., Chapter VIII.) 

The nature of the soil depends on the rock from which it has 
been derived. Tulackoff classes soils as follows : 

1. Laterite soils, developed in humid, tropical climates, and 

marked by a high proportion of hydrated ferric oxide 
and alumina. 

2. Wind-blown, or loess soils. 

3. Soils of dry steppes, rich in soluble salts, often alkaline. 

4. Black soils (Tchernozem), rich in neutral humus. 

5. Grey forest soils, with less humus. 

6. Peaty and ashy soils, including all the soils of Great Britain. 

7. Tundra soils. 

The effect of sand in soil is described later in Vol. II., Chapter 
VIII. 

To the agriculturist the soils derived from sedimentary rocks 
are of greater value than those produced by the disintegration of 
igneous rocks. The alluvial deposits are soils in themselves and 
may vary from light silty soils to heavy clayey beds, or they may 
be composed of peaty matter. Soils produced by glacial action 
are very variable in character and usually are rich in clay and 
stones — often of limestone. Such soils occur especially in Norfolk 
and Suffolk. 

The Eocene soils are very valuable and are largely utilised 
around London, though in some cases, for example in the Bagshot 
sand, the soil is very poor and almost worthless for agricultural 
purposes. The Eocene beds yield the heavy London clay which 
is a valuable soil for some purposes, but in the south of Hampshire 
they are very poor and sandy. 

The Chalk soils are thin, whitish, and poor, and are chiefly 
employed for pasturage. 

The Upper Greensand gives a dry, porous and limey soil of 
moderate fertility but sometimes rather thin. 

The Gault gives a cold, sticky, brownish soil of little value. 

The Lower Greensand soils vary greatly in character from a 
very fertile land to that which is almost barren, these changes 
in character often occurring within very short distances. 

VOL. I M 
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The Weald formation gives a stifi, yellow soil which is generally 
wet and poor, though sometimes very productive. 

The Hastings beds yield soils which are poor and sandy, whilst 
those on the Oolite are generally somewhat clayey and calcareous. 

The Portland beds and Coral Rag give thin, calcareous soils, 
though occasionally rich sandy loams are found which are very 
productive. 

The Kimmeridge clay beds give excellent pasture soil of a stiff 
clayey nature, and the Oxford clay is somewhat similar, being 
rather difficult to work and sometimes poor. 

The Cornbrash beds give calcareous soils, as do also the Forest 
Marble and the Great and Inferior Oolites. 

The Lias beds give light soils of very good quality, which are 
excellent for arable purposes. 

The Trias soils are somewhat porous loams which are excellent 
if not too porous. , 

The Permian rocks give light, dry soils, which are generally 
fertile. 

The Coal Measure soils may be either light and sandy or very 
heavy, whilst in some places a mixture forms a very useful, fairly 
light soil. 

The Millstone Grit rocks form very thin and poor, sandy soils, 
and .are often waste moorlands. The Carboniferous Limestone 
gives a thin, calcareous soil which is deeper and richer in the valleys. 

The Old Red Sandstone weathers to a rich and deep soil of great 
value, though in some parts it is very sandy. It is also frequently 
calcareous. 

The Silurian formation gives cold, clayey, or sandy soils, though 
in some parts it is fairly fertile. 

The Cambrian and Laurentian rocks give good soils at low 
elevations, but at higher ones they are poor and sandy. 

Igneous rocks generally give very thin and poor soils except 
in the valleys, where good soils are sometimes found. In some 
places granite gives a very fertile soil. 

In genera], the harder rocks produce very thin and poor soils, 
whilst the 'softer rocks give deeper and richer soils. Clay rocks, 
of course, give clayey soils, whilst those produced by the dis- 
integration of sand rocks are more sandy and lighter. 

Standard Sand is a term applied, especially in connection with 
the manufacture of concrete, to a sand used for comparing the 
binding power of various cements, and, conversely, as a means 
whereby the suitability of other sands for concrete may be judged. 
For this purpose, any other sand is required to possess as closely 
as possible the same qualities as the standard sand. The British 
standard sand is obtained from Leighton Buzzard, whilst the 
American standard sand is obtained from Ottawa, 111. Both the 
British and the American standard specifications for cement require 
the use of a sand of 20- to 30-mesh, ^.e. composed wholly of particles 
0-016 to 0-025 mm. diameter, though the British sands used in 
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concrete do not always conform to this specification. The American 
standard specification demands sand consisting of rounded grains, 
whilst the British standard specification mentions the Leighton 
Buzzard sand, which is subangular. 

The standard sand in Prance is obtained from Leucate, the 
particles being between 1*5 mm. and 1 mm. diameter (0-04 to 
0*06 in.). A compound standard sand is also used in Prance 
consisting of equal parts of sands of the following grades : 
(a) 2 mm. to 1-5 mm., (6) 1-5 mm. to 1 mm., and (c) 1 mm. to 0*5 mm. 

In Germany a standard sand is used wliich is very similar to 
the British standard, but the German sand must not exceed 
28-mesh as compared with the 20-mesh in this country. 

The standard sand used in Austria is also similar to the British 
standard sand. 

Subsoil Sands are the arenaceous deposits formed by the dis- 
integration of rocks, and, when mixed with decayed vegetable 
and carbonaceous matter, form the soil which covers the siu’face 
of most parts of the earth. 

The colour is usually yellow or reddish, due to the presence 
of hydrous ferric oxide (limonite), which is an important colouring 
agent in nearly all weathered materials which do not contain 
any appreciable proportion of organic matter. 

Tar Sands, see Oil Sands (p. 131). 

Terrestrial Sands are those formed on land surfaces as the result 
of the disintegration of pre-existing rocks. They may be classified, 
according to Lake and Rastall, as follows : 

Residual : gravels, sands, wacke, laterite, etc. Sedentary. 

Colluvial : talus and clifi debris. 

Alluvial : alluvium and swamps, and some loess. 

Aeolian : wind-blown sand and some loess 

Glacial : moraines, drumlins, eskers, etc. 


Transported. 


Thanet Sands occur at the base of the Eocene formation in the 
north of Kent and in the Isle of Thanet, from which the beds are 
named. Their occurrence and distribution are described on p. 67. 
They vary in colour from grey to pale brown. At Charlton, in 
Kent, the top beds consist of clayey sands, known commercially 
as Blackfoot ” or ‘‘ Erith ” sand, and are used as moulding sand 
in foundries and steel works. The paler beds contain, according 
to Boswell, about 95 per cent of silica and 2*4 per cent of alumina, 
together with about 0 -42 per cent of iron oxide and a small percentage 
of lime. The principal detrital impurities present include iJnienite, 
leucoxene, limonite, zircon, rutile, tourmaline, staurolite, andalusite, 
and muscovite. The sand is very fine, containing, according to 
Boswell, nearly 80 per cent of grains between 0-1 and 0*25 mm, 
diameter, together with about 16 per cent of grains between 0-25 
and 0*5 mm. diameter. A small proportion of '' clay ” is also 
present, but it does not usually greatly exceed 1 per cent. The 
Charlton sand is used chiefly for ordinary bottle-glass. 
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In the Thanet beds at Bramford, near Ipswich, a dark-green 
glauconitic sand occurs which, according to Boswell, has the 
following composition : 


Silica 60-61 

Alumina 9-73 

Titanium oxide . . 0-70 

Ferric oxide . 9-67 

Ferrous oxide . . . 0*45 

Lime ..... 1-22 

Magnesia . . . 1-89 

Potash . . .2-98 

Soda 0-33 

Phosphoric acid. . . . 0-13 

Loss 12-38 


It is not at present used, but it might be useful as a source of 
potash. ^ 

Thorium Sands, see Monazite 8ands (p. 128). 

Till is a term synonymous with Glacial Drift, though it is usually 
applied only to the plastic clayey portion of the Drift. 

Tin-bearing Sands and Gravels are produced by the concentration 
of cassiterite obtained by the decomposition and disintegration 
of granite rocks. The cassiterite is usually associated with tour- 
maline, topaz, axinite, garnet, wolfram, scheelite, limonite, magnetite, 
and other heavy minerals, these, including the tin, tending to 
become concentrated at the bottom of the deposit. The sand 
itself is largely composed of tourmaline-bearing quartz. The 
greater part of the world’s supply of tin is now obtained from the 
tin-bearing gravels of Malaysia, where it is associated with ilmenite, 
arsenopyrite, wolfram, monazite,’ topaz, and tourmaline, but is 
readily separated by methods which are based on the tin ore having 
a much greater specific gravity than that of the other minerals 
associated with it. 

Tin also occurs in the islands of Banka and Billiton, in the Dutch 
Indies, in Siam and Burma, in Western Australia, Tasmania, 
Southern Nigeria, Bolina, Swaziland, and the Transvaal, in Africa, 
and in Cornwall, England. Near St. Austell a tin-placer 5-6 ft. 
thick occurs beneath beds of gravel, sea-sand, clay, and peat from 
40-44 ft. thick, and resting upon the solid rock. These beds also 
contain microscopic particles of gold derived from lodes of copper 
and iron -pyrites. 

Titanium-bearing Sands are alluvial deposits containing titanium 
in the form of rutile (titanium oxide, TiOg). These deposits have 
been formed by the weathering and disintegration of dyke-rocks 
rich in rutile, aided by the subsequent concentrating action of water. 
Titanium also occurs as ilmenite (titanate of iron, FeTiOg) in the 
black sands which occur in different parts of the world, on beaches, 
and on river banks. The black sands of the St. Lawrence river 
are titaniferous and have been derived from the gabbros which 
abound in the district. Many of the concentrates of tin and 
monazite sands are also rich in ilmenite. Those in Travancore 
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contain over 50 per cent of ilmenite which may be reco veered, 
as a by-product, in the magnetic concentration of the monazitc*-. ^ 

Tosca is a pozzuolana (p. 136) or volcanic ash found at Teruvrilh^, 
in the Canary Isles. It is used chiefly in Spain as a snpevrior 
substitute for part of the sand in mortars and concretes. 

Trass is a powdery volcanic tufl or scoria consisting of con- 
solidated volcanic ashes. The name was first applied to a material 
occurring in the valleys of the Brohl and the Nette, two strc^arriH 
which discharge into the Rhine. Trass was introduced into this 
country from Holland and was known as “Dutch Tarrass.” it 
occurs in many other countries, sometimes in an earthy mass 
and sometimes as a rock. Both forms may be used, the rock 
being in some places superior to the earthy form, whilst in othc^rvs 
the earthy form is the better. 

Trachyte- and leucite-tuffs are very similar in composition, and 
properties to trass. 

Table XXIII. gives typical analyses showing the compoHition 
of trass : 

Table XXIII. — Analy.sks of Tbass 



The important ingredient of trass from a technical or com- 
mercial point of view is the free silica, possibly also 801110 ! free 
alumina, which combines with the lime set free when Portland 
cement is wetted, or with the wet lime in ordinary mortar, to form 
a cementitious material. This portion of the silica is scildom 
indicated in a chemical analysis, though it is the only fictivo 
ingredient in trass, all the other materials being of an inert naturxi. 

Trent Sand is a sand obtained from the river Trent, amd. is 
used in the building trades and for polishing. Similar sands ffom 
the Severn and in other rivers in this country arc used for- th(! 
same purpose and are occasionally sold as “Trent sand.” It is 
an ordinary river-deposited sand of medium grade, cxccllciit as 
an abrasive and polishing agent, but not sufficiently pure to bo 
used as a source of pure silica, or for glass manufacture, etc. 

Triassic Sands comprise the Bunter and the Kouper Bands, 
which may vary in colour from white to brownish, and ar-(^ of 
widely different texture in different localities. Tlxcvir occurj-cvncM^ 
and distribution have already been described in (Jhapter I. (S(‘(! 
also Bunter Bands, p. 85, and Keuper Bands, p. 123.) 

Tripoli is a variety of kieselguhr or diatomaceous earth (p. 1)6) 
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which is found in Tripoli and Bohemia. Ifc is more compact than 
the material in most diatomaceous beds and is somewhat laminated 
in character. It is chiefly used as an abrasive for fine polishing, 
but it is also employed as an absorbent in the manufacture of high 
explosives and to a limited extent in the manufacture of porous 
plates and filtering media. 

Tuff or Tufa consists of volcanic ash which has been con- 
solidated by pressure into a rock of varying hardness. It is found 
in the vicinity of most extinct and active volcanoes, and is some- 
times ground to powder and used in the preparation of hydraulic 
mortars, including pozzuolana and trass mortars or cements. In 
many ways it resembles trass (p. 165), but contains less active 
material (soluble silica). 

Peperino is a dark-brown earthy granular tufl found near Rome 
and containing crystals of augite, mica, leucite, magnetite, and 
fragments of crystalline limestone, basalt, and leucite -lava. Pala- 
gonite-tuff is a bedded aggregate of dust and fragments of basaltic 
lava containing angular pieces and minute granules of pale yellow, 
green, red, or brown altered basalt glass called palagonite. It is 
found in Icelandic and Silician volcanoes, at Eifel, Nassau, 
Auvergne, Scania, Faroe Isles, Canary Isles, New Zealand, etc., 
and also in the Carboniferous rocks of Central Scotland. Pelitic 
tuff is a volcanic ash composed of minute particles of volcanic 
detritus, basalt, and microlites. It is obtained mainly in deep-sea 
dredgings ; the quantity available is far too small to be of serious 
commercial value. (See also Pozzuolana, p. 136.) 

Tungsten-bearing Sands are alluvial deposits containing tungsten, 
as wolframite (tungstate of iron and manganese (FeMnW 04 ), 
such as the sands and gravels of Southern Hunan, Southern 
Kwangsi, and Kwantung in China, from which deposits most of 
the Chinese tungsten ore is obtained. Wolframite also occurs in 
alluvial deposits in the hill slopes in Burma and in the Malay States. 

Scheelite (calcium tungstate, CaW 04 ) occurs in deposits formed 
by the surface weathering of limestone with intrusive granites in 
the Kinta Valley, Malay States, from which locality it can be 
readily obtained. 

In Arizona, wolframite and scheelite, together with hubnerite 
(tungstate of manganese (MnW 04 ) with iron), occur in the 
Dragoon Mountains. These deposits are very rich and yield a 
concentrate containing 70 per cent of tungstic oxide. 

In England, wolframite occurs in association with cassiterite in 
the alluvial deposits of Bodmin Moor, which have been derived from 
the disintegration of the pegmatite veins which traverse the granite 
in this district. 

Vitrifiable Sands are those in which some of the constituents 
melt at a relatively low temperature and produce a dense, impervi- 
ous, or even glassy mass. The constituents which produce vitrifica- 
tion in sands of this kind are principally lime, magnesia, and alkalies, 
all of which combine with the silica and form fusible silicates, which 


VOLCANIC SANDS 


167 


melt to a glassy mass. If these constituents are in excess they are 
injurious, as they produce too fusible a mass. 

Vitrifiable sands vary with respect to the range of vitrification 
according to the number and nature of the fluxes present. Thus 
lime shortens the vitrification range of the sand, and the time taken 
in producing a thin liquid glass after the lime silicate commences 
to melt is very small. Magnesia, on the other hand, tends to 
increase the range of vitrification. When several fluxes are present 
simultaneously, they usually effect a more active and rapid vitrifica- 
tion than when only one flux is present. 

Where a vitrifiable sand is required, but is not available, a more 
refractory sand may be rendered vitrifiable by the addition of 
suitable fluxes, such as soda, lime, or even felspar, in the requisite 
proj)ortions, so as to produce a sand which becomes fluid at the 
desired temperature. This is the basis of the manufacture of glass. 

Volcanic Sands are usually very siliceous and consist of angular 
grains, as they have been subjected to much abrasion or weathering. 
They contain particles of all sizes up to that of a pea, together 
with large quantities of microlites and crystals of minerals, 
particles of volcanic glass, and minutely cellular fragments and 
elliptical hour-glass ”) particles. The finest dust is, in volcanic 
sands, ultra-microscopic. 

The following analyses, due to Silvestre, are typical of the 
composition of volcanic ash and sand : 


Silica . 

Alumina 
Ferrous oxide . 
Manganous oxide 
Lime . 

Magnesia . 

Soda . 

Potash 

Water 

Phosphoric acid "I 
Titanium oxide I 
Vanadium oxide j 
Ferric oxide j 


Anli. 

Sand. 

50-00 

49-80 

19-08 

18-20 

12-16 

12-42 

0-40 

0-45 

9-98 

11-00 

4-12 

4-00 

3-72 

3- 60 

0-60 

0-49 

0-36 

0-29 

traces 

traces 


Wad is an earthy form of manganese dioxide, formed in low- 
lying districts by the decomposition of manganese-bearing minerals. 
It is dull black and amorphous, and often contains cobalt oxide, 
one variety known as Asholane or earthy cobalt containing u]) to 
32 per cent. Another variety of wad, lampadite, contains 1 8 pen* 
cent of copper oxide. Wad contains a large proportion of man- 
ganese dioxide and is used for making chlorine and for urn her paints, 
whilst asbolane is used as a source of cobalt. 

Warp is a mixture of sand, silt, and clay, usually of fiuvlatik^, 
estuarine, or marine origin, such as occurs in the Humbcir distr*i(;t, 
where it is a light chocolate-coloured material of a soft, silky 
nature, having been produced by the disintegration of th(^ Boukhu* 
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Clay and washed up by the sea and tides into the estuary ot the 
Humber. It differs from the fiuviatile deposits of the rivers 
flowing into the Humber, which are richer in sand and silt but 
poorer in mica. Much of the land west of the present mouth of 
the river Humber consists largely of warp. This material is of 
small commercial value ; it has been used as a brick earth, though 
not well suited to this purpose and very difficult to manipulate. 

Wealden Sands occur in that portion of the Cretaceous System 
which is of fiuviatile origin beneath the Weald clay. They arc 
dealt with under the heading Hastings Sands (p. 121). 

White Sands consist chiefly of quartz, felspar, and other colour- 
less minerals. Heavy detrital minerals are generally absent or 
present in very small proportions. The fact that a sand is white 
does not necessarily mean that it is pure quartz, as it may contain 
large proportions of felspar, mica, and similar minerals. Sands 
composed of pure quartz are, however, white and are very valuable 
for glass-making and other purposes where a pure sand is needed. 
The pocket sands of Derbyshire, Staffordshire, and Wales are white, 
but contain a considerable proportion of mica and other im- 
purities. White sands may also be produced by the bleaching 
action of carbonaceous matter, which reduces the iron compounds 
to the ferrous state and causes them to be removed in solution. 
White sands which develop a pinkish tinge on heating have xisually 
been bleached in this way, but still contain some iron compounds 
in the ferrous state, which is oxidised on heating and produces the 
colour. The term White sand is sometimes applied to ground silica 
rock. 

Wolfram deposits contain tungsten ore in particles of various 
sizes scattered through a matrix of granite and quartz. (See Tung- 
sten Sands, p. 166.) 

Woolwich and Reading Sands are described in Chapter I. (p. 67). 
They are chiefly employed for building purposes, but some are used 
in the manufacture of focks, tiles, and red earthenware. 

Yellow Sands generally owe their colour to the presence of 
hydrous iron oxide {limonite). In some volcanic districts where 
sulphur is very abundant this may give a characteristic yellow 
powder which might be mistaken for sand. 

Zirconium-bearing Sands occur as river and beach deposits in 
Travancore (India), Brazil, and Ceylon, the zirconium being in the 
form of zircon (zirconium silicate) formed from the decomposition 
of pegmatite rock and syenites. 

In Travancore the non-magnetic residues of the monazite sands 
consist almost entirely of zircon. (See Monazite Sands, p. 128.) 


CHAPTER IV 


MINERAL AND OTHER CONSTITUENTS OF SAND 

At the commencement of this volume it was stated that a sand 
might be defined as any loose detrital granular material occurring 
in accumulations of various kinds as a result of atmospheric, 
aqueous, chemical, volcanic, or organic action, the particles being 
of any size between 0-01 mm. and 2 mm. diameter. Thus a sand 
may contain any mineral which could possibly occur in Nature as 
the result of some natural action. Consequently, almost all 
minerals which are capable of resisting the action of weather may 
be found in one or other variety of sand. As sands are produced 
by the disintegration of various igneous, sedimentary, or other 
rocks, their mineral constituents will be the same as those of the 
rocks from which they have been formed, with the exception of any 
minerals which may be removed in solution on or after the dis- 
integration of the parent rock, and with the addition of any other 
minerals which may have been brought into the sand, as by trans- 
portation from some other locality. 

Minerals other than silica (which is the chief constituent of most 
sands) may occur in four distinct conditions according to the cir- 
cumstances under which they have been produced : 

(1) Crystalline minerals as : (a) more or less regularly defined 
crystals, though these are rather infrequent except where sands 
have not been subjected to much abrasion or transportation. The 
crystals may be separate or associated in twos (twins) or threes 
(trins), according to the nature of the mineral, whilst in other 
cases a crystal may be built up of simple “ microliths.” (b) 
Amorphous particles or aggregations of particles having an internal 
crystalline structure. This type of grain is most common, as the 
exterior of the crystals has often been largely removed by attrition 
and corrosion due to prolonged exposure to weathering and other 
influences, whilst the grains in the original rock, before dis- 
integration into sand, may not have possessed perfect crystalline 
form. Thus in granites and similar rocks the crystallisation of 
the various minerals has been largely impeded by surrounding 
grains, so that irregularly-shaped crystals are the result. When 
such a rock is disintegrated the loose grains produced will be 
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similarly irregular in shape, whilst at the same time possessing the 
internal crystalline character of the particular mineral of which 
they are composed. Where a sand has been produced by the 
disintegration of a rock which contains perfect crystals of quartz 
and other minerals, a large proportion of these crystals will occur 
in the sand, though their shape will be modified by the mechanical 
abrasion to which they have been subjected by the action of the 
water, ice, or air during transportation from one locality to another. 

The fact that a mineral is crystalline in character, even though 
it may possess quite irregular external outlines, may be readily 
detected by examining it under a microscope with polarised light. 
With the exception of minerals of the cubic system, which are 
invisible in the dark field produced by crossed nicol prisms, all 
crystals and fragments of crystals are just as visible in polarised 
light as in ordinary light, whilst non-crystalline (isotropic) sub- 
stances are invisible, or almost invisible, under such conditions. 

A third form (c) in which crystals occur in sands is as “ crystal- 
lites ” or ‘‘ microliths,” which are incipient forms of crystallisation. 
Crystallites occur particularly in sands of volcanic origin. They 
consist of inorganic particles possessing a more or less definite 
shape, but generally without the geometrical characters of true 
crystals. They may appear like drops or glohuUtes of an isotropic 
character, or they may be elliptical or have sharp corners. Others, 
termed microUths, are rod- or needle-shaped and are often in 
variously-shaped groups. Augite, hornblende, apatite, and fel- 
spars may occur in rudimentary forms of this kind. They are 
usually colourless, but may be black and opaque on account of a 
ferruginous coating, 

Hair-like forms (trichites) sometimes occur, whilst various 
granular and fibrous grains of indefinite shape and character are 
also known. 

In some cases minerals having the external form of another 
mineral which they have replaced in the rock from which the sand 
has been produced may occur. These are termed pseudomorjpJis. 
Quartz frequently replaces other minerals in rocks such as calcite, 
aragonite, siderite, gypsum, rock-salt, haematite, etc., and so may 
be found in sands having a different crystalline form to that which 
is usually associated with it, the silica having been brought into 
the rock in solution and replacing some other mineral whose 
crystalline form it has assumed. 

(2) Glassy or Vitreous Minerals. — Sands sometimes contain com- 
minuted or granular particles of ‘‘ glass,” particularly those of 
volcanic origin. This glass ” may include crystals or crystallites, 
or both, and may consist of several minerals fused into one homo- 
geneous substance. This may be variously coloured, but is 
generally black or dark green when particles of it are examined. 
Very thin sections are either nearly colourless or pale brown. 
Such “ glass ” may be recognised by being isotropic to polarised 
light ; that is to say, that at no position of the polariser is the light 
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passing ttrongh the grains visible. The various inclusions which 
may be present are rendered readily visible by polarised light. 

(3) Colloidal Minerals. — Substances may be present in sands 
in the form of a jelly-like or horn-like material which may be 
either in its natural state or hardened into a stony mass. Chalcedony 
is a typical example of this form. In some cases these materials 
may be converted into the colloidal sol form, in which case they 
will remain in suspension in water for an indefinitely long period. 
Most sands contain only a very small percentage of colloidal matter, 
but this is often of great technical and industrial importance. 
In agriculture, for example, the thin film of colloidal matter sur- 
rounding the inert grains is the storehouse of almost all the nutriment 
on which the plants depend for their existence. The enormous 
technical importance of the apparently trifling proportions of 
colloidal matter in sands has not as yet been sufficiently realised. 

(4) Amorphous Minerals. — Various substances may be present 
in sands as grains having no regular structure or shape, but occurring 
in irregular or indefinite forms such as granules, stains, or films. 

Some of the minerals found in sands, and especially quartz, 
are very frequently found to contain inclusions of various kinds. 
The principal inclusions are : (a) cavities filled by air or gas ; 
{b) cavities partially or completely filled with a liquid ; (c) globules 
of glass ; (d) crystals ; and (e) filaments or indefinitely-shaped 

particles. 

Cavities which are either empty or filled with gas (usually 
nitrogen) are very common in some minerals ; they are usually 
of a spherical or elliptical shape and are generally very small, more 
than a million sometimes occurring in one cubic inch of material. 

Cavities containing a liquid and having a curved, oval, or 
spherical shape are quite common and appear under a microscope 
to have sharply-defined black borders. In some cases they have 
a definite geometrical form. When such cavities occur in particles 
of quartz they are generally hexagonal in shape. They vary in 
size from microscopic dimensions to cavities readily visible with. 
the naked eye, the latter beiug fairly common in large quartz 
crystals. These cavities usually contain water, but potassium 
or sodium chloride may be present as well as potassium, sodium, 
and calcium sulphates. Carbon dioxide may also be present in 
solution. Such cavities are seldom completely filled with liquid ; 
they usually contain also a small bubble of air or gas. 

Fluid inclusions may occur disseminated through a crystal in an 
irregular mamier, or they may be arranged definitely along inter- 
secting planes, as in quartz, felspars, topaz, beryl, and other minerals. 

Cavities containing a pale greenish or brownish glass with 
several immobile bubbles often occur in crystals. They are usually 
aggregated in the centre of the crystal or are arranged in zones, 
as in felspar, quartz, leucite, and other minerals. 

Crystals of various kinds often occur embedded in crystals 
of quartz, felspar, and other minerals ; they are generally arranged 
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in the centre of the crystal or in zones. Quartz crystals frequently 
enclose grains of such minerals as rutile, haematite, limonite, 
pyrites, chlorite, etc., molten quartz having solidified around these 
minerals in a cooling mass, or having crystallised around them 
from an aqueous solution. The enclosed crystals may he either 
perfect or only partially formed. The minerals which most usually 
contain inclusions of this kind are leucite, garnet, augite, horn- 
blende, calcite, fluorite, etc. A mineral enclosing other grains 
is usually termed a perimorph, whilst the enclosed grains are termed 
endomoTfhs. 

Filaments or streaks often occur in crystals. Thus mottled 
patches occur in orthoclase as a result of its partial decomposition 
with the formation of kaolin. Decomposed magnetite enclosed 
in minerals sometimes produces brownish patches or discolorations. 
Tufts and vermicules of some green ferruginous silicates also occur. 

Essential and Accessory Minerals. — The minerals in sand may 
be divided into essential and accessory ones, and also into original 
and secondary minerals. Essential minerals are the most important 
constituents and those which, if absent, would greatly alter the 
character of the sand. Thus quartz is the commonest essential 
mineral in sands, as it is usually the most important constituent, 
and if removed would altogether alter the nature of the sand. 
The essential constituents of any sand are always present in the 
rock from which the sand is derived. 

Accessory minerals may usually, though not always, be regarded 
as undesirable impurities. They generally occur in small propor- 
tions disseminated through the sand, and are chiefly derived from 
the impurities or accessory minerals in the original rock, though 
other accessory minerals may be introduced during the transporta- 
tion of the sand from one locality to another, or by the deposition 
of detritus from one locality amongst the particles of sand derived 
from another, or by the percolation of waters containing minerals 
in solution, which minerals eventually crystallise out amongst the 
grains of sand. The absence of such accessory substances would 
not, in most cases, adversely afiect the nature of the sand and would 
usually, though not always, be an advantage. 

As most sands have been subjected to weathering, the accessory 
minerals in them are invariably those which have the greatest 
resistance to such influences ; any readily decomposable accessory 
minerals in the original rock would soon be decomposed and removed, 
so that only the most resistant minerals would remain in the sand. 

Primary grains are, of course, those which have been derived 
from the disintegration of the original rock from which the sand 
was formed. Secondary minerals, on the other hand, are those 
which have been introduced into the sand some time after the 
disintegration of the original rock. Such additions may be due 
to transportation, the superposition of other minerals, or the per- 
colation of water through the bed. Calcareous, ferruginous, and 
carbonaceous matters are probably the commonest secondary 
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minerals, though many other substances may occur. In some cases 
a mineral may be both a primary and a secondary constituent. 
Thus grains of quartz may occur in the original sand, whilst 
secondary quartz may be introduced by percolating waters, some- 
times partly consolidating the loose sand into a. sandstone or sand- 
rock, and sometimes crystallising around the original grains. 

Secondary minerals may also be produced by the alteration ' 
of some of the original constituents of the sand with the formation 
of new minerals. Thus the mineral ilmenite may be partially 
changed into leucoxene. Ferric oxide (haematite) or magnetic 
iron oxide (magnetite) may be partially converted into ferrous 
oxide or limonite ; many other similar changes may occur, the 
resultant products being secondary minerals. 


SILICA 

Silica is the commonest constituent of the earth’s crust. 
According to F. W. Clarke it occurs to the extent of about 60 per 
cent of the total weight of the rocks forming the crust to a depth 
of about ten miles. It is an essential constituent of many igneous 
rocks, especially the acid plutonic rocks such as granite. It is an 
important constituent of many metamorphic rocks such as gneiss, 
schists, etc., and forms a very large proportion of the bulk of 
sedimentary rocks. In addition to this, it is one of the most 
resistant materials, and in its crystalline form, as quartz, is able 
to persist through weathering actions extending over an almost 
indefinite period of time, the only action which takes place being 
the rounding of the corners due to mechanical abrasion. Con- 
sequently, silica in various forms is the Sommonest constituent 
of sands, many deposits consisting almost wholly of silica. 

The silica present in sands includes that which occurs as free 
quartz, or free silica in some other form, and also that which is 
combined with other substances forming silicates and alumino- 
silicates, such as felspars, mica, clays, etc. 

Free Silica occurs in various forms in Nature, some being 
amorphous, whilst others are truly crystalline. Table XXIV. 
shows the various forms in wLich silica may exist in the free state : 

Table XXIV. — Fokms of Silica 


State. 

Mineral Form. 


Amorphous . 

Amorphous silica . 

f Precipitated silica. 

\ Silica glass. 


f Quartz 

a -quartz, quartz. 

Crystalline 

-v Tridymite 

a-tridymite, /3 -tridymite. 


( Cristobalite 

a -cristobalite, -cristobalite. 

Cellular 

Cellular silica . 

Diatomaceous earth, etc. 
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Those forms which are designated by the Greek letter a are 
stable at ordinary temperatures and are most likely to occur in 
Nature, but where a rock has been suddenly cooled, the form 
designated by the Greek letter ft, which is stable at higher tempera- 
tures, may not have had sufficient time to revert to the form stable 
at low temperatures, so that it may occur in Natui*e as well as the 
more stable a forms. 

The nature of the various allotropic forms of silica is not 
thoroughly understood, though various theories have been put 
forward to explain them. The theory of W. and D. Asch suggests 
that the various forms of silica contain a diSerent number of 
atoms of silica to each molecule, with the result that forms having 
different specific gravities are produced. As the specific gravities 
of tridymite and cristobalite are less than that of quartz, the two 
former, according to this theory, contain a smaller number of atoms 
in their molecules. Whilst it is almost impossible to ascertain 
the molecular weight of any solid substance, it does seem certain 
that all forms of solid silica must contain many more molecules 
than are represented by the formula SiOg, this being a minimum 
formula. If it were correct, silica, as analogous to carbon dioxide, 
would be a gas instead of an almost infusible solid. Some investiga- 
tions of Martin on organo -silica compounds appear to show con- 
clusively that the ordinary laboratory form of precipitated silica 
must be represented by at least six times the usual formula, and 
Martin’s experiments confirm the views of W. and D. Asch as to 
the hexagonal or ring arrangement as representing a minimum 
formula for this form of silica, which in this respect is analogous 
to Kekule’s famous benzene ring theory of the constitution of 
certain carbon compounds. An investigation of the X-ray spectra 
of the various forms of silica would be of great value in this con- 
nection, though their interpretation is exceedingly difficult. 

The various forms of silica may very conveniently be re- 
garded as suggested by W. Ostwald as having different degrees 
of dispersion, ranging from the crystalline form, such as quartz, 
through chalcedony, hyalite, geyserite, and soft opal to a colloidal 
silica gel, the proportion of water in the material varying pro- 
gressively with the degree of dispersion. 

Amorphous Silica occurs in sands in various forms, the chief of 
which are fiint, opal, and geyserite, the last-mentioned usually 
occurring alone and not as* irregularly-disseminated particles in 
other sands. 

Flint is a form of precipitated amorphous silica produced by the 
deposition of silica around some nucleus, such as a minute shell-fish, 
sponge, or other organism, or around some inorganic substance. 
By prolonged deposition, irregular nodules of a grey or black 
colour are produced, the size varying considerably. A large pro- 
portion of flints could not be classed as sand at alf, but the smaller 
fragments which occur in some sands may be included. They do 
not usually consist of perfectly pure silica, but contain about 
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5 per ceixt of impurities, chiefly organic matter and chalk, the 
carbonaceous matter present being the cause of their dark colour. 
Flints are extremely hard and break with a conchoidal fracture. 
According to Roscoe and Schorlemmer, flint is an intimate mixture 
of amorphous silica and quartz or tridymite. 

Particles of flint are comparatively rare in sands, though there 
is a bed at the base of the Thanet sand containing a large pro- 
portion of angular chips, showing a minutely granular structure 
under crossed nicols, and giving a dark colour to the sand ; in some 
places, particles of altered black flint occur. Flint is more fre- 
quently found in recent sands than in those of considerable age. 

Chert, or hornstone, is an impure variety of flint formed by the 
deposition of sponge spicules. It is truly amorphous, but in some 
cases it appears almost as if it were crystalline. In colour the 
grains are grey, brown, or black, and they have a flat rather than a 
conchoidal fracture. Chert is common in sands of all ages and is 
a frequent constituent of the Carboniferous rocks ; it also occurs 
in the Leighton Buzzard and Huttons Ambo sands. 

Chalc^ony is an opaque variety of amorphous silica and is 
somewhat fibrous. This also, according to Roscoe and Schorlemmer, 
is an intimate mixture of amorphous silica and quartz or tridymite. 
Like flint it is generally formed around a nucleus of some foreign 
matter. It is very hard (7 according to Mohs’ scale), has a specific 
gravity of 2 *55-2 -58 and a refractive index of about 1-54, which is 
rather lower than the refractive index of quartz ; the birefringence 
of chalcedony is also somewhat lower. In colour it varies from 
white to bluish -white or brown. It contains combined water, 
which is evolved when it is heated to 100°-200'’ C., the evolution of 
steam often causing the fracture of the material. On further 
heating to about 600° C. it changes into quartz and finally into the 
lower specific gravity forms of crystalline silica (cristobalite and 
tridymite). There are many varieties of chalcedony, though most 
of them do not occur in sufficiently small grains to be classed as 
sands. The chief varieties are carnelian, prase, agate, and onyx. 

Opal is a variety of hydrated silica similar to chalcedony and 
contains 5-10 per cent of water. It is considerably softer than 
quartz, its hardness being only 1*9-2 *3 on Mohs’ scale ; its specific 
gravity is only 2*2 and its refractive index 1*45. It is optically 
isotropic. Opal is produced by the deposition of silica from 
solution in water or by the hydration of anhydrous silica. 

Siliceous Sinter or Geyserite is a loose, porous form of amorphous 
silica, produced by precipitation or evaporation from its solution 
in water. Large deposits of this material occur around hot springs 
in Iceland, Yellowstone Park, U.S.A., etc. 

Other forms of hydrated and amorphous silica which rarely 
occur in sand deposits include hydropJiane, hyalite, menilite, float 
stone, etc. 

Silica glass is an amorphous form of silica which is seldom or 
never found in sand deposits. The only known natural form of 


176 


rORMS OF SILICA IN SANDS 



this substance is Lechatelierite, As an artificially prepared material 
it is well known commercially as quartz glass or fused quartz. 

Colloidal Silica is amorphous silica and includes several varieties 
previously mentioned, such as flint, chalcedony, etc. Colloidal 
silica may contain any proportion of water up to more than 90 per 
cent, those forms which contain the least water being harder and 
denser, whilst those containing more water, such as siliceous sinter, 
may be quite soft. On heating any form of colloidal silica, water is 
lost, the presence of salts rendering the loss more rapid. The 
dehydrated silica cannot be rehydrated again except with great 
difficulty, and if it has„ been heated to redness its complete re- 
hydration is almost impossible, on account of the hardness of the 
material. Colloidal silica, as found in Nature, is chiefly in the gel 
form, as the more dispersed sol form can only exist in the presence 
of relatively large quantities of water and is only recognised with 
difficulty. 

Silica, when sufficiently finely divided, so that its particles are 
ultra-microscopic in size, assumes in the presence of water an 
electro -negative charge on each particle, and if there are no interfer- 
ing conditions, the minute particles of silica will persist in a rapid 
motion which is only limited by the walls of the vessel in which the 
material is contained. As a particle of silica in this active state 
approaches another similarly charged, the two particles will mutually 
repel each other, so that their motion is perpetual so long as other 
conditions remain constant. The motion of the particles may readily 
be observed by means of an ultra-microscopic examination. 

Silica in this colloidal sol form is exceedingly sensitive, and if 
any electro-positively charged particles are added, e.g. water which 
has fallen a considerable distance through the air in the form of 
rain, or various solutions of electrolytes, the particles of silica will 
coalesce and form a gelatinous precipitate ; this is the gel form of 
silica. If the gel is allowed to dry, or if it is heated, a horny form 
of silica is produced resembling flint, but if the temperature is still 
further increased, a white material is formed which is the ordinary 
‘‘ calcined silica ” of the laboratory. Silica in the form of a 
colloidal gel is an important constituent of many rocks ; in some it 
produces veins or intrusions ; in others it is of considerable import- 
ance as a binding agent, and many consolidated sands are bonded 
by this substance. 

Non-crystalline silica is more readily affected by weather than 
the crystalline varieties and is, consequently, more easily removed 
in solution, so that large masses of the amorphous varieties of silica 
are of infrequent occurrence, though they do occur. 

Crystalline Silica occurs in sands chiefly as quartz, but also as 
tridymite and cristobalite, though the two latter occur only rarely. 

Quartz is a crystalline variety of silica occurring in hexagonal 
or rhomboidal forms, the development of which depends on the 
situation in which they have been formed and the mode of forma- 
tion. Itf sands, perfect crystals seldom occur, as in most cases the 
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crystals have been impeded in their formation by the juxtaposition 
of other crystals, so that quartz is generally found as irregular frag- 
ments having an internal crystalline structure, which may readily 
be seen by examining them in polarised light. There is also an 
absence of surfaces showing cleavage. When seen by reflected 
light, the grains are usually pitted and covered with small grooves. 
The fragments of quartz are seldom quite pure and are generally 
made cloudy or even opaque by numerous enclosures (p. 171). 

Quartz has a vitreous lustre, a conchoidal fracture, and a hard- 
ness of 7 according to Mohs’ scale. Its specific gravity is about 
2-65, its index of refraction 1-553, and its birefringence only 0-009. 

Other forms of quartz may also sometimes occur in sands. 
The chief of these are amethyst, rose quartz, milky quartz, smoky 
quartz, and aventurine. 

Quartz forms the main constituent of most sands, especially 
those derived from granite, gneiss, mica-schist, or sandstone, which 
consist almost entirely of quartz associated with a small amount of 
mica, felspar, magnetite, rutile, zircon, garnet, and tourmaline. 

Tridymite was first discovered by G. von Rath in trachyte and 
other volcanic rocks, in which it occurs in hexagonal plates forming 
trins. Schuster and von Lasaulx have shown that tridymite 
crystals are pseudo -hexagons, being formed by three separate 
orthorhombic portions giving rise to the appearance of trins. 
Tridymite occurs almost wholly in sands derived from the dis- 
integration of volcanic rocks such as trachytes and andesites. A 
fibrous form of tridymite containing 7 per cent of water is known as 
Lussatite. It has a specific gravity of 2-28 and a refractive index 
of 1 -477. 

Cristobalite was also discovered by G. von Rath in the same 
rocks in which tridymite was found, and has also been observed, 
according to A. F. Rogers, in minute spherical aggregates in spheru- 
litic obsidian. It is a rare mineral, and is always associated with 
tridymite, being seldom found in sands. It belongs to the quad- 
ratic system, though trins are common and cause the crystals to 
appear pseudo -cubic. It has a specific gravity of 2-32 and a 
refractive index of 1 -484. 

The identification of the various crystalline forms of silica is 
difficult and requires the use of a special form of microscope and 
considerable manipulative skill. Cristobalite and tridymite are 
distinguished from each other and from quartz by means of their 
crystalline structure, refractive indices, and specific gravities, though 
the latter is only applicable to a limited extent. Quartz is found 
in irregular grains, whilst tridymite forms needle-shaped prisms. 
The test may not apply in sands which have been much transported, 
as the grains may be altered in shape by attrition. When examined 
by polarised light, quartz may be discriminated from tridymite 
and cristobalite on account of its higher birefringence. Tridymite 
and cristobalite cannot, however, be separated in this way, as the 
difference between them is too slight. 
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It is also possible to distinguisb quartz from tridymite and 
cristobalite by immersing the powder in a liquid of specific gravity 
2-40 (a mixture of bromoform and benzine being suitable), when 
the quartz will sink to the bottom whilst the other minerals remain 
suspended in the liquid. 

The most satisfactory manner of discriminating between the 
three forms of crystalline silica is by their refractive indices. In 
the method, suggested by A. B. Dick and largely used by the author, 
a little of the material to be examined is immersed in an oil having 
a refractive index about the same as the sample, and the glass slip 
containing it is placed on the stage of a microscope and is illuminated 
by the use of a dark-ground illuminator, a yellow monochromatic 
light being used. Fringes will then be seen round the fragments of 
the sample, and if the liquid and the sample have the same refrac- 
tive index, the fringes will have a deep ultramarine tint, whilst if 
the liquid has a higher refractive index the fringes will be paler 
and brighter or even white. If, however, the liquid has a lower 
refractive index than the sample, red or orange fringes are produced, 
these also becoming paler and brighter. Mercury -potassium iodide 
solution is very satisfactory for use in this test. For a yellow 
sodium light this solution should have a refractive index of 1*477, 
which is the refractive index of tridymite, so that cristobalite, 
which has a refractive index of I *484, can readily be distinguished 
in this liquid, the test being so delicate that, if the solution is 
properly prepared, error is practically impossible. 

Cellular Silica occurs in sands in the form of Meselguhr, tripoli, 
and randanite (see pp. 96 and 165) and also as sponge spicules. In 
most cases such cellular silica occurs as large beds, this form being 
the predominating constituent. It seldom occurs as a minor 
constituent of sand beds, though at Chipstead traces of siliceous 
sponges do occur. 

Although silica is the principal constituent of most sands, all 
other minerals cannot be regarded as impurities, as, in some cases, 
they have a very beneficial action on the sand and may even be the 
principal constituent, silica being then regarded as an impurity. 

The constituents of sands, apart from free silica, may be 
classified as follows : 

{a) Silicates. 

{b) Alumino-silicates. 

(c) Iron compounds. 

(d) Calcium compounds. 

(e) Barium compounds. 

(/) Aluminium compounds. 

(g) Strontium compounds. 

{h) Tantalum compounds. 

(C Titanium compounds. 

{§) Thorium compounds. 

(k) Tungsten compounds. 


(Z) Chromium compounds, 
(m) Tin compounds. 

{n) Zirconium compounds. 

(o) Manganese compounds. 

(p) Phosphorus compounds 
(g) Metallic elements. 

(r) Non-metallic elements. 
( 5 ) Rock fragments. 

(t) Shells. 

(u) Carbonaceous matter. 
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SILICATES 

The commonest silicates occurring in sands belong to the groups 
named p 3 o:oxenes and amphibolcs. The principal ]_)yroxenes are 
as follows : 

Enstatite is a magnesium silicate occurring in stout prismatic 
crystals belonging to the orthorhombic system, cither colourless 
or of a grey, green, brown, or yellow colour, and having a hardness 
of 5 5 and a specific gravity of 3T-3-3. It is derived from inter- 
mediate and basic igneous rocks such as andesites, dolerites, and 
peridotites. Owing to its being soft and readily decomposable it 
is only found in more recent deposits, such as shore sands. 

Hypersthene is a silicate of iron and magnesium occurring in 
prismatic (orthorhombic) crystals of a brownish - green, greyish, 
greenish-black, brown, and sometimes nearly black colour. It has 
a hardness of 5*6 and a specific gravity of 3*5. It is deprived from 
basic igneous rocks such as diorites, and occurs also in pyroxeme 
granulites, etc. Hypersthene is a very common constituent of 
sands, especially those derived directly from igneous rocks. 

Augite is a silicate of calcium, magneshim, iron, and aluminium 
occurring in monoclinic crystaLs of a black or gr(Hmisli.-blaek colour, 
with a hardness of 5-6 and a sp(K*.ific gi*avity betweevn, 3*2 and 3*5. 
It is derived from basic?, igneous rocks, including andesites, basalts, 
diorites, gabbro, etc. Augite is also a common const ituemt of 
sands, esipecially those derived directly by the denudation of 
igneous rocks. Other pyroxenes whicih may o(?cur in sands include 
bronzite, diopside, diallage, aegerine, and rvollaslonite. 

The following are the principal ampliiholes likely to occur 
in sands : 

Hornblende consists of a silicate of calcium, magnesium, and 
iron, though silicates of aluminium, sodium, and potassium may 
be present. It forms black or greenish monoclinic crystals having 
a hardness of 5-6 and a specific gravity of 3 •0-3 *47. It is derivcid 
chiefly from acid and intermediate rocks such as granit(?s, syenites, 
diorites, etc., and occurs largely in gneisses and schists, sometimes 
forming the bulk of the rock. Hornblende is common in rocks 
produced by the disintc^gration of igneous rocks. If prestmt in 
sufficient quantities, it may give the sand a dark colour whicdi is 
accentuated when it is heated. 

Hornblende acts as a flux in the? same way as other sodium and 
potassium compounds, and reduces the refractoiiness of the sand 
in which it ocicurs. 

Glaucophane is a sili(?ate of sodium, aluminium, iron, and 
magnesium, of a bluish c.oloiir, having a hardn(?ss of ()“6-5 and a 
specific gravity of 3 •0-3* I. It is derived chidly from schists, wh(?r(? 
it occurs as a ])r()duct of rnchamorphism. (dauc^oplianc? o(;eurs in 
some shore sands, as at Ih? de (Iroix, Brittany, and in other 
localities. 
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Other amphiboles, which are less frequently found, include 
anthophyllite, tremoUte, and actinolite. 

Amphiboles do not occur to any great extent in the older sands, 
where they are usually altered to chlorite and other secondary 
products. They are, however, abundant in the Drift of Suffolk 
and in the Bunter beds of the Midlands. They also occur to some 
extent in the Bagshot beds, the Reading beds, the Thanet sand, 
the Wealden beds, and the Bunter beds of Ireland. 

Amongst the other silicates which may occur in sands are the 
following : 

Olivine forms a group of minerals consisting of a silicate of 
magnesium and iron of variable composition forming green, 
brownish, or blackish prismatic crystals (orthorhombic), having 
a hardness of 6-7 and a specific gravity of 3 •0-4-2. It is principally 
derived from basic igneous rocks in which it is sometimes the 
predominating constituent. It is, however, readily decomposed, 
and so does not occur widely in sand deposits, because, in those 
which have been subjected to much transportation or weathering, 
the more easily decomposable minerals have been removed. 
Olivine sometimes occurs in recent sands, such as those composing 
the dunes of Holland, where they have been noted by Retgers. 
It is also found in desert sands, such as the Sahara, where it has 
not been exposed to the same decomposing agencies as marine 
sands and others formed by aqueous action. On the coast of 
Oahu in the Hawaiian Islands, a sand occurs consisting almost 
entirely of olivine and magnetite. It has been produced by the 
destruction of a basaltic lava, resulting in rounded angular grains 
of the above-mentioned minerals, the smaller grains being more 
angular than the larger ones. 

Serpentine is a hydrated magnesium silicate which occurs as 
green, yellow, red, brown, or almost black monoclinic crystals, 
frequently spotted and veined with various colours. It is very 
soft, having a hardness of only 3-4 and a specific gravity of 2 -5-2 -6. 
It is derived from the weathering of olivine, pyroxene, and amphibole 
rocks. It is easily decomposed and does not occur to any great 
extent in sands. It sometimes occurs as a result of the decomposi- 
tion of olivine. 

Glauconite is an amorphous, granular, or earthy material con- 
sisting of a hydrated alumino -silicate of magnesium, and calcium. 
It varies in colour from yellowish-green to greyish-brown or 
blackish -green. It is very soft and has a hardness of only about 2 
and a specific gravity of 2-2-24. 

Glauconite is of very variable composition. It contains 
45-48 per cent of silica, 3-10 per cent of alumina, 0-22 per cent of 
ferric oxide, 3-22 per cent of ferrous oxide, 0-6 per cent of magnesia, 
0-2-5 per cent of lime, 4-5-9 per cent of potash, and 5-5-14-7 per 
cent of water. 

Glauconite grains are very frequently found in internal casts 
of foraminiferae or other marine organisms, the mineral having 
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segregated in the interior of these shells and so taken their shape. 
It is also found coating these organisms. 

Glauconite is almost entirely confined to marine^, deposits, in 
which it appears to be formed, according to Murray and Philippi, 
by the action of marine bacteria. It is very common in shallow 
water sediments, though it also occurs abundantly in moderatcily 
deep water. It is in all probability derived from the decomposition 
of potash felspars and potash micas. Though it occui's to a limited 
extent in many formations from the Cambrian beds upwards, it 
is most abundant in the Greensand beds and in the gr*e(m. muds 
of Agulhas Bank, South Africa. It is most abundant in the U])per 
and Lower Greensands of England, and in the north-east of Ireland 
it occurs in sandy beds as recent as the Lower and Middle (Jhalk. 
It is generally associated with phosphatic nodules. It also occurs 
to some extent in the Bagshot sands, Blackheath beds, Rcuiding 
beds, Thanet sand, Wealden beds, and the Inferior Oolite. 

Glauconite acts as a flux on account of the ])otassium it contains 
and reduces the refractoriness of the sand. Ifor this T*eason, sands 
containing glauconite cannot be used for refractory purposes, but 
the potash they contain may ho sufficiemt to r*end(u* thmn valuabki 
as fertilisers. The iron content of glauconite causes it to pr-ewemt 
the sands in which it occurs fr-om l)eing used for siudi pur|)os(^s 
as glass-making. 

Various anhydrous aluminium silicates are found in sands, thc^ 
following being the chief : 

Andalusite (ALO^ . SiOg) occurs as grey or reddish oi-thorhombic 
crystals, having a hardness of about 7-5 and a sj)ecific gravity of 
3 -1-3 -3. It is chiefly derived from metamorphic clay rocks, ' but 
may be also derived from some granites. 

Andalusite is not a very stable mineral and is readily dcjcomposed, 
so that it does not occur to any great extent in the older sands. 
In Tertiary and Recent beds it is of more frequent occurrence. 
Perfect crystals of andalusite have been found, according to Davies, 
in the Bagshot sands of Brentwood, the Woolwich and Reading 
beds of Plumstead and Northwood, the Thanet sand at (k*ayfot*(l, 
the Folkestone beds of Dunton Green, Limpsfic‘Id, and Reugateq 
and the Wealden ironsands of Shotover Hill. It also occurs in 
the shore sands of Brittany. 

When heated, andalusite is converted first into kyanitci and tlicvn 
into sillimanite, the last reaction occurring, according to Vernadsky, 
at 1380° (J. 

Kyanite has the same chemical composition as andalusite, but 
forms triclinic crystals of a bluish -gr*(^y, gr(‘(m, and sornetinu^s 
blackish colour, with a hardnciss froin 4-7 and a specjific; gravity 
from 3 *0-3 *7. It is derived ])rincipally from gneiss, schists, anil 
other metamorphic rocks. 

Kyanite is a very stable mimu'al and is not nuulily d(a‘.om[)os(^d, 
so that it is a very common (H)nstituent of sands of (!r(daccM)us 
and more recent age^s. 
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Sillimanite is also an aluminium silicate occurring as brown, 
grey, or green orthorhombic crystals, with a hardness of 6-7 and 
a specific, gravity of 3-23. It is derived from felspathic gneisses, 
schists, etc. 

Sillimanite is of somewhat rare occurrence and is not found 
to any great extent in British sands. 

Topaz is a somewhat rare aluminium silicate containing fluorine, 
which occurs as white, yellow, grey, blue, or |)ink grains belonging 
to the orthorhombic system. It has a hardness of 8 and a specific 
gravity of 3*56. It is derived from many igneous rocks, including 
granites, rhyolites, etc., and is found chiefly in gem sands, especially 
in Brazil. 

Staurolite is a silicate of iron and aluminium, occurring as 
reddish, brownish, or blackish orthorhombic crystals, having a 
hardness of 7-7*5 and a specific gravity of 3*7. It is derived from 
schists and gneisses, in which it occurs as a product of metamorphism. 
It is a very stable mineral and is a common constituent of sands 
of all ages, but is especially common in the Blackheath beds, the 
Thanet sand, the Lower Greensand, the Upper ■ Estuarine sands, 
the Inferior Oolite, the Keuper Waterstones, and the Bunter beds. 

Alxtmino -Silicates 

There are many varieties of alumino -silicates which may occur 
as constituents of sands, the principal being the clays and allied 
minerals, including felspars and micas. 

Clays are hydrous alumino-silicates which occur to a varying 
extent in association with sands. The number of different clays 
which may occur is very large and a detailed classification of them 
is practically impossible. It is generally agreed that the chief 
constituent is a hydrogen alumino -silicate corresponding to 
H 4 Al 2 Si 209 , and composed of about 46 per cent of silica, 39 per 
cent of alumina, and 14 per cent water, for which the name clay 
substance ” as originally proposed by Seger is convenient. Recent 
researches have indicated that a number of different alumino- 
silicates may form different kinds of clay, but for the purposes 
of the present volume they need not be differentiated. (Jlay 
substance never occurs in a perfectly pure state in association 
with sand, but contains various impurities, such as alkalies in the 
form of mica, felspar, etc., and iron compounds, the proportion 
of which varies considerably. Some clays may be almost pure 
white, whilst others may be a deep red on account of the proportion 
of iron compounds present. Carbonaceous matter may also occur 
and give the clay a dark colour. 

The nature and properties of clays are subjects far too extensive 
to be dealt with in detail in the present volume, and readers requiring 
further information should refer to the author’s book on British 
Clays, Shales, and Sands (Griffin). 

The proportion of clay in a sand depends on the mode of 
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formation. Where a rock has been disintegrated ^ into clay and 
sand, as in the case of china clay rock, and has not been transported, 
almost the whole of the clay remains in the sand. Where sands 
have been removed from place to place by wind, water, etc., the 
clay is generally separated from the sand (at least to a large extent) 
on account of its finer grains and greater suspensibility in water. 
River sands are usually fairly free from clay ; estuarine, lacustrine, 
and marine sands may contain large proportions of clay. 

The effect of clay upon sand is noticeable in various ways : 

1 . On account of its binding power, sands containing clay are 
more or less coherent. The extent to which they are bound 
together depends on the proportion of clay present. This pro- 
perty is valuable for foundry-work, etc., where sands require to 
be coherent to form a mould, but for building purposes, glass- 
making, etc., where a loose incoherent sand is required, clay is not 
desiraWe. 

2 . Clays introduce alumina into the sand ; this ma\^ or may 
not be desirable. Thus, for making some kinds of glass, alumina 
is valuable, as it increases the strength of the glass. In other 
glasses, particularly optical glass, it is undesirable (see Vol. II., 
Chapter XII.). In making carborundum, alumina is undesirable 
(see Vol. II., Chapter X.). Thus, the desirability or otherwise of 
clay depends on the purpose for which the sand is to be used. 

3. Clay tends to introduce impurities such as alkalies, iron 
compounds, etc., into the sand. This may not be important for 
some purposes, but in others, such as for glass -making, chemical 
manufacture, etc., it is very detrimental and clayey sands must be 
avoided. 

4. On account of the smallness of the grains of clay, these tend 
to fill up the interstices between the larger grains of sand, so 
producing a less porous mass. This is not harmful in many cases, 
but where a porous or permeable sand is required, or where an 
excess of fine particles is undesirable, as in concrete sands, glass 
sands, filtration sands, etc., the presence of clay is deleterious. 

The effect of clay in sands used for special purposes is dealt 
with in greater detail in Vol. II. 

Several minerals similar to clay may occur in sands, though 
usually they are present only in minute quantities. Among these : 

Halloysite (AI 2 O 3 . 2 Si 02 . SHoO) consists of soft bluish-wdiite, 
green, or grey crystals of amorphous material having a specific 
gravity of l*9-2d. 

Collyrite (AlgOg . SiOg . QllgO) consists of a dirty white powdery 
material. 

AUophane (AL 2 O 3 . SiOg . fiH^O) is a blue or bluish-green 
mineral and is harder than coll 3 U'ite. 

Nacrite consists of white flaky rhombic crystals. 

Lithomarge consists of minute white or cream-coloured rhombic 
plates of variable composition. 

Pyrophyllite (AL 2 O 3 . 4 Si 02 • ^HgO) consists of rhombic crystals. 
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Montmorillonite (AI2O3 , 4Si02 . il20) soft and of a pinkish 
colour. 

Kaolin or China Clay is a hydrated aluminium silicate or 
alumino -silicate (AlgOg . 2 Si 02 . 2 H 2 O) which may occur as white, 
grey, or yellowish monoclinic crystals of kaoliniU, having a hardness 
of 2 *0-2 -5 and a specific gravity of 2*6, or as an apparently^ amor- 
phous material, having the same chemical composition, but devoid 
of crystalline structure. It is produced by the weathering of 
granite (p. 16), and occurs in sands in varying proportions according 
to the amount of transportation to which they have been subjected. 

Felspar is a term applied to a group of alumino -silicates con- 
taining one or more basic oxides, the various members being usually 
designated by the principal base present, such as potash felspar. 
The principal felspars are : 

Orthoclase, which is a potash felspar occurring as white, grey, 
or pinkish monoclinic crystals, having a hardness of 6 and a specific 
gravity of 2-57. It is derived chiefly from acid igneous rocks, 
such as granites, syenites, etc. 

Microcline is a potash felspar occurring as greyish, greenish, 
or pinkish triclinic crystals, with a hardness of 6-6-5 and a specific 
gravity of 2-55. Like orthoclase, it is derived from acid igneous 
rocks, particularly granites. 

Albite-anorthite felspars form a series grading from a pure 
sodium felspar (albite) to a pure calcium felspar (anorthite) with 
various intermediate mixtures, designated under the general term 
plagioclase felspar. They are usually white, grey, or greenish 
triclinic crystals, with sometimes a pinkish tinge, having a hardness 
from. 5-6-5 and a specific gravity of 2-6-2-75. They are derived 
from all types of igneous rocks, the calcium felspars being commoner 
in basic rocks, whilst the sodium felspars are usually found in acid 
rocks. 

Felspar is a common constituent of sands, but is frequently 
corroded or clouded, as it is attacked to some extent by carbonated 
water, which results in the loss of some of the alkali and the forming 
of other alumino-silicates and free quartz. Fresh felspar is more 
common in deposits of terrestrial origin, such as wind-blown sands, 
in which the grains of felspar are often quite transparent. 

The gradual disappearance of felspar in sands is well shown by 
the following figures, due to Dr. Mackie, of the percentages of 
felspar in the sands of the river Findhorn (Scotland) from its 
source to the sea : 

At Dulsie Bridge 42 per cent 

At Logie Bridges 31 ,, 

Between Forres and the sea . . .21 ,, 

A high percentage of felspar indicates that the sand has under- 

^ Sir W. H. Bragg has found, from an examination of its X-ray spectrum, 
that china clay is crystalline though the crystals are too small to be observed 
under the microscope. 
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gone little transportation by rivers and has been subject to very 
little action by water. 

Table XXV., due to Mackie, shows the percentage of felspar in 
sands derived from different sources. 

Table XXV. — Felspar iit Saistds 


Source of Sanl. 

Fresh Felspar. 

Altered Felspar. 

Boulder clay . . - . 

Boulder clay 

East Egyptian desert 

Nile delta 

River Spey 

Lower Old Red Sandstone (Caledonian) . 
Upper Old Red Sandstone (Caledonian) . 

Per cent. 

86 

83 

72 

high 

19 

20-30 

30-40 

Per cent. 

14 

17 

28 

low 

81 

70-80 

60-70 


The felspars are among the most fusible compounds of silica ; 
this is due to their containing a large proportion of calcium, sodium, 
or potassium in combination with the alumina and silica. In the 
results of a chemical analysis, the sodium and potassium compounds 
are often expressed as alkalies, a term which is undesirable as 
it gives no indication of the respective proportions in which the 
sodium and potassium may occur. 

On account of their fusibility, the action of felspars in sands 
is to reduce the refractoriness of the sand as a whole. Potash 
felspar fuses at a temperature of 1200° C., and the molten material 
flows rapidly through the interstices of the sand, so that as soon 
as a sufficient quantity of fused matter is produced the sand loses 
its resistance to heat. The action of potash, however, is in this 
respect slow compared with that of lime in similar compounds. 

The effect of orthoclase felspar on quartz when mixtures of 
both are heated is shown in Table XX VI., due to R. Rieke. 

Table XXVI. — Fusibility of Orthoclase-quartz Mixtures 


Orthoclase. 

Quartz. 

Fusing Point. 

100 


® C. 

1220 

40 

60 

1265 

33 

67 

1285 

25 

75 

1292 

. 14 

86 

1317 


For refractory purposes, a sand containing grains of felspar 
is less objectionable than one containing flakes of mica, as the former 
are less rapid in their action, there being less surface to the grains 
in proportion to their bulk. 
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Mica is a term wMch includes a number of minerals consisting 
principally of silicates of aluminium, potassium, and hydrogen, 
together with iron, magnesium, sodium, and lithium. Micas 
crystallise in the monoclinic system and may be divided into two 
classes : the muscovite micas and the biotite micas. 

Muscovite consists of white, yellow, green, brown, or blackish 
flakes having a hardness of 2-2*5 and a specific gravity of 2*85. 
It is derived principally from acid igneous rocks, especially granites. 
Muscovite may be observed in sands as white glistening flakes 
or frost-like particles, very small proportions of mica being readily 
recognisable in this way. This variety of mica is usually abundant 
in sands formed by aqueous action, though very curiously it is 
absent in desert sands, probably because the thin light flakes are 
easily carried away by wind and, consequently, are removed from 
the main deposit. In water, however, this separation does not 
take place to the same extent, so that the mica in water is not 
removed from the other minerals, but tends to accumulate in layers, 
as, in comparatively still water, the particles of quartz and mica 
are deposited at different rates owing to the fact that the mica 
grains, being thin and flat, are more buoyant than the more granular 
quartz grains. 

Lepidolite resembles muscovite, but contains lithium and 
fluorine ; it forms white, grey, lilac, or rose-red crystals, with a 
hardness of 2*5-4 and a specific gravity of 2 *8-2 *9. It is derived 
largely from metamorphic rocks, such as pegmatites. 

Sericite is very similar to muscovite and is sometimes regarded 
as an aggregated form of muscovite, though it is also thought 
to be alteration-product of felspar. It is especially common in 
Carboniferous and older rocks. 

Biotite occurs as black or dark-green crystals of variable 
composition, with a hardness of 2*5-3 and a specific gravity of 
2 *7-3*1. It is derived from all kinds of igneous rocks and their 
volcanic equivalents, and also occurs abundantly in metamorphic 
rocks. 

Biotite mica occurs only rarely in sands, as it decomposes on 
weathering, forming chlorite and limonite, but it is found in some 
sands which have not been seriously affected by weathering. It 
occurs to some extent in the Beading beds, Thanet sand. Upper 
Greensand (it is absent from the Lower Greensand), the Bunter 
beds of the Midlands, the Lower Permian of Yorkshire, the Coal 
Measures of Northumberland, and the Millstone Grit of Yorkshire. 

PJilogojpite is similar to biotite, but is colourless, white, brown, 
or red in colour. 

Mica in any of its forms reduces the refractoriness of sands 
in which it occurs, but its action is not usually appreciable much 
below a temperature of about 1200° G., and it is, like felspar, a 
comparatively slow flux. The effect of mica on the refractoriness 
of silica is shown in Table XXVII., due to R. Rieke. 
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Quartz. 

Mca. 

Fusing Point. 

Per cent. 

Per cent. 

° C. 

100 


1790 

90 

io 

1710 

80 

20 

1630 

70 

30 

-hl530 

60 

40 

-1530 

50 

50 

-1530 

40 

60 

-1530 

30 

70 

1530-1580 

20 

80 

1610 

10 

90 

1410 


100 

1380 


The iron content of mica is sometimes objectionable where a 
pure sand is required, as in glass-making, as the iron compounds 
on heating discolour the fused mass. Biotite mica is particularly 
objectionable in this respect, as, being dark, its effect is more 
pronounced. 

Other alumino -silicates which may occur in sands include the 
following : 

Tourmaline is a borosilicate of aluminium, which occurs generally 
as black or blue-black hexagonal crystals, with a hardness of 
7-7*5 and a specific gravity of 2 *98-3 *2. It is derived partly from 
acid igneous rocks and also from metamorphic rocks such as schists, 
crystalline limestones, etc. Tourmaline is a very stable mineral 
and is a frequent constituent of sands of all ages. 

Beryl is a silicate of beryllium and aluminium, occurring as 
pale green, blue, yellow, or white hexagonal crystals, with a hardness 
of 7*5-8 and a specific gravity of 2*7. It is derived from acid 
igneous rocks, metamorphic schists, and crystalline limestones. 
Beryl is found chiefly in placer deposits along with other gem 
stones and a large proportion of heavy minerals. 

Chlorite is a term used to designate a number of hydrous alumino- 
silicates containing iron and magnesium, which form soft greenish 
hexagonal flakes with a hardness of about 1 *5 and a specific gravity 
of 2 -6-2 -8. It is a metamorphic product derived from the alteration 
of biotite, hornblende, etc., and occurs largely in schists. Chlorite 
is dj readily decomposable mineral and so does not occur to any great 
extent in sands, except as the result of the decomposition of other 
minerals. It has been found to some extent in the Inferior Oolite 
beds and in the Millstone Grit of Wales. 

Epidote is a term used to designate a number of alumino- 
silicates containing iron, calcium, and hydrogen and sometirnes 
manganese, cerium, etc. They are usually greenish or brownish 

^ The plus sign indicates that the fusing point is slightly above, and the 
minus sign that it is slightly below, the figure stated. 
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in colour and form monoclinic crystals, having a hardness of 
6-7 and a specific gravity of 3*25-3*5. It is derived chiefly 
from gneiss and schists which have been formed from igneous 
rocks rich in lime. Some varieties may also be derived from 
granites. 

Epidote is not found to any great extent in sands older than 
Tertiary age. It is abundant in the Drift of Suffolk and occurs 
to some extent in the Bagshot sands, Blackheath beds, Reading 
beds, Thanet sand, the Upper Greensand, and also in the Lower 
Permian beds of Yorkshire. It has also been found in the dune 
sands of Holland by Retgers. In some sands it occurs as the result 
of the decomposition of other minerals. 

Zoisite is a variety of epidote derived from metamorphic rocks. 

Cordierite is an alumino-silicate containing iron, magnesium, 
and water, which occurs as bluish, orthorhombic crystals having 
a hardness of 7-7*5 and a specific gravity of 2*6-2*7. It is derived 
chiefly from metamorphic gneisses, schists, etc., but it may also 
be derived from some igneous rocks, including basalts and granites. 
Owing to its readily decomposable nature it is not found to any 
great extent in the older sands, but occurs more frequently in 
Tertiary and Recent sands. 

Garnet is a term used to designate a number of alumino -silicates, 
containing lime, magnesia, iron, manganese, and chromium, which 
occur in rhombohedral or trapezohedral crystals of various colours, 
including yellow, green, brown, red, and black. They have a 
hardness of 6*5-7 *5 and a specific gravity of 3 *5-4*2. The varieties 
of garnet are described on p. 111. Garnets are derived from 
various igneous rocks, including granite and syenite ; they also 
occur in metamorphic schists, gneisses and crystalline limestones, 
and dolomites. 

Garnet is a very stable mineral and is not easily decomposed, 
so that it is a common constituent of sands of all ages. It is 
particularly common in sands between the Jurassic and Pliocene 
periods. 

Iron Compounds 

No natural sands are entirely free from iron compounds, and 
even the most stringent attempts at purification do not succeed 
in completely removing all the iron present. The chief compounds 
of iron occurring in sands are the oxides, carbonates, and sulphides, 
and various complex minerals containing iron as an essential 
constituent, such as glauconite, ilmenite, etc. These compounds 
are derived from decomposed ferruginous rocks, either by direct 
admixture or by the compounds being dissolved by organic acids, 
the solution penetrating into the sand and being decomposed 
later. 

In the analysis of a sand it is customary to report the iron 
compounds as though they were all present as the red oxide 
(Fe 203 ), no distinction being made as to the forms in which the iron 
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is actually present ; yet in many sands the proportion of ferric 
oxide is quite small, the iron being present in other forms. 

Iron compounds may occur in sand in three forms : 

(а) As a thin film coating the grains of other minerals ; 

(б) In minute particles disseminated fairly uniformly through 

the sand ; 

(c) As larger particles scattered irregularly amongst the grains 
of other minerals. 

Magnetite (Fefi^) is a black oxide of iron which occurs in cubic 
crystals, with a hardness of 5 *5-6 *5 and a specific gravity of 4-9-5 -2. 
It is highly magnetic and can usually be removed quite easily by 
means of a magnet. Magnetite is one of the commonest heavy 
minerals in sands and is found in practically all detrital sediments. 
In some cases, it is partially oxidised to limonite. 

In some sands the magnetite has been concentrated by water 
action, forming large deposits containing but little of other, 
minerals, as, for example, the black sands of the St. Lawrence 
river, Canada (p. 122). 

Haematite (FcgOg) is a red oxide of iron occurring as steel-grey, 
iron-black, or reddish hexagonal crystals, or as amorphous grains 
.having a hardness of 5 -5-6 -5 and a specific gravity of 4-5-5 -3. It 
is abundant in the Lower Permian beds of Yorkshire and in some 
Northampton sands. 

Limonite is a hydrated iron oxide, consisting of yellow or 
brownish amorphous grains, having a hardness of 5-5-5 and a 
specific gravity of 3 -6-4-0. It is formed by the weathering of iron- 
bearing minerals and also by deposition from solutions of iron in 
water. Bog iron-ore and lake iron-ore are limonite beds. Brown 
iron-ores are worked in Northamptonshire, the north of Spain, 
Luxembourg, and Western Germany. 

So far as sands are concerned, limonite is chiefly of interest as 
being the form in which iron is usually present. It is soluble in 
hydrochloric acid and is volatilised by heating with salt to a bright 
red heat, but these methods are too costly to enable them to be 
applied to the elimination of limonite from most sands. Limonite 
is common in the Thanet sand, the Upper Greensand, and the 
Kellaways beds. Limonite may also occur as ochre, this material 
sometimes forming the bulk of the material, as in the Lower Green- 
sand of Shot over Hill, Oxford, and also as umber, which is a brownish 
ferruginous earth containing silica, iron oxide, and manganese 
oxide, the latter sometimes being the predominating constituent. 

Other iron compounds which occur only rarely in sand deposits 
include pyrites, marcasite, pyrrhotine, chalyhite, and vimanite. 

Many other substances containing iron in varying proportions 
occur in sands, including hornblende, hypersthene, augite, glauco- 
phane, olivine, glauconite, etc. ; they have the same effect as richer 
iron compounds, if they are present in sufficient quantities. 
Usually, however, only very small proportions are present. 
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The chief effect of iron compounds in sands is to reduce their 
refractoriness and to cause them to be brownish in colour. The 
intensity of the colour produced by iron is not a reliable indication 
of the amount present, as much depends on the fineness of the sand 
and on the nature of the iron compounds contained therein, whilst 
the presence of other substances may partially or wholly mask the 
colour of the iron compounds. When the iron is disseminated 
uniformly through the sand either in small grains or as a film over 
the other particles, the colour is much more pronounced than when 
larger grains are scattered irregularly through the mass. These 
latter can be separated much more readily than the smaller 
grains. 

Where iron compounds are present in the ferrous state, the 
colour of the sand may not be greatly altered, as the ferrous com- 
pounds are greenish rather than brown, and are not so conspicuous, 
but on heating the sand to redness in a current of ' air the ferrous 
compounds are oxidised to ferric com|)ounds, and produce the 
characteristic brown colour. 

Ferrous compounds and magnetite are most objectionable in 
sands, as, when heated, they combine readily with silica and any 
alumino-silicates which may be present, forming fusible compounds 
which reduce the refractoriness of the sand. 

Red ferric oxide is almost infusible if heated in an oxidising 
atmosphere, so that its presence in a refractory sand is not so 
serious as the presence of ferrous compounds and magnetite, but 
if it is heated in a reducing atmosphere, it may be reduced either 
to magnetite or ferrous oxide, and so may be ecpially as harmful 
as when these compounds are present naturally in the sand. 

Generally speaking, if iron compounds in sands are heated 
exclusively under oxidising conditions, their effect on the fusibility 
of a sand will be very slight. If, on the contrary, a reducing 
medium is present, the iron compounds will be correspondingly 
reduced and will act as powerful fluxes. 


Calcium CoMrouNos 

Calcium compounds occur in sands in various forms, the following 
being the chief : 

Galcite is a carbonate of calcium which occurs as white, grey, 
or tinted hexagonal crystals, having a hardness of 3 and a specific 
gravity of 2-71. It may occur in crystalline form or it may form 
a tufa or calcareous sinter. 

Cal cite (often with dolomite) frequently occurs in sands derived 
from the Glacial Drift. It has also been found in some dune 
sands. 

Aragonite has the same chemical composition as calcite, but 
crystallises in the orthorhombic system, forming white, grey, 
yellowish-green, or violet crystals, having a hardness of 3-5-4 and 
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a specific gravity of 2-94. Aragonite forms the greater proportion 
of many coral and shell sands. 

Gypsum is a hydrous calcium sulphate, occurring in colourless 
white, grey, yellowish, or reddish grains of monoclinic crystals, 
having a hardness of 1-5-2 and a specific gravity of 2-3. Anhydrite 
is an anhydrous form of gypsum occurring as white, grey, bluish, 
or reddish orthorhombic crystals. 

Fluorspar is a calcium fluoride ; it occurs in colourless, white, 
green, purple, yellow, or blue cubic crystals, with a hardness of 
4 and a specific gravity of 3-0-3*25. It is derived chiefly from 
mineral veins, in which it occurs as a gangue mineral. 

Felspars and micas, as well as other alumiuo-silicates, may 
also contain lime compounds, and although the proportion present 
may be less than 15-20 per cent, the effect of this proportion may 
be serious, so that these minerals should also be considered to 
some extent as lime compounds, as their principal effect on sands 
depends on the amount of this particular flux wliich they contain. 

Calcium compounds frequently occur in glacial sands as a 
result of the breaking up and powdering of limestone blocks by 
the action of ice. 

When the calcium carbonate has been brought into the sands 
by percolating water, it may form a film or coating over the quartz 
and other grains present. This may be distinguished by the fact 
that it effervesces when treated with hydrochloric acid. 

The effects of lime compounds on sands are very varied : 

1. If the sand is to be used in the manufacture of bricks which 
are burned in a kiln, the lime compounds may be converted into 
quicklime during the firing, and when the goods are later exposed 
to moisture, they will probably crack, or at any rate, the lime 
will slake and may fall out (“ blow ”), leaving a cavity corre- 
sponding to the size of the mass of free lime. For this reason, 
the presence of lime compounds in such sands is undesirable, and 
if present at all, must be in such a fine state of division that they 
will not do any harm, should they be converted into quicklime 
and afterwards slaked. Lime compounds may be removed from 
sand by washing, unless the particles are very small. 

2. Lime compounds react with silica at very low temperatures, 
forming calcium orthosilicate or calcium metasilicate, the latter 
be^ing generally formed in the presence of a large excels of silica. 
According to J. W. Cobb, the reactions take place below the melt- 
ing points of both lime and silica and may be completed at almost 
any temperature between 800° and 1400° C. Table XXVTII., 
due to R. Rieke, shows the effect of lime on the refractoriness 
of silica in the form of fine quartz sand. 

When free alumina is present in the sand, the lime and the 
alumina unite at a temperature of 850°-900° C. and more rapidly 
at 1100°-1300° C., forming a calcium aluminate. Ternary com- 
pounds or alumino -silicates may also be formed by the interaction 
of lime, silica, and alumina. 
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Tablk XXVIII. — Fusibility of Lime-silica Mixtures ^ 


Lime. 

Silica. 

Refractoriness, 


() 

° C. 

1790 

i 

(> 

1710-1730 

1 

5 

1710 

1 

4 

+ 1690 

1 

3 

1650 

2 

5 

1530-1580 

1 

2 

1435 

5 

9 

1410 

10 

17 

1410 

5 

8 

1410-1435 

2 

3 

1435 

5 

7 

1435-1460 

10 

13 

1460 

4 

5 

1460-1480 

5 

() 

1480 

1 

1 

1520 

.10 

9 

-1-1480 

5 

4 

1435-1460 

10 

7 

+ 1410 

5 

3 

- 1460 

2 

1 

1650 


Table XXIX., due to J. W. Cobb, shows the temperatures ab 
which lime acts on silica and the various compounds formed. 


Table XXIX.— Beaction Temperatuke.s of Lime-stltca Mixtures 



Conirnencciincnt 
of Reaction. 

(.'ompletiori 
of Reaction. 

Prodiurt. 

1 part calcium carbonate and 

" C, 

“ C. 


1 part silica .... 

800 

1400 



1 part calcium carbonate and 





10 parts silica .... 

800 

1250 


CaO . Si (>2 

1 part calcium sulphate and 





10 parts silica .... 

1000-1200 

1300 



3 parts calcium carbonate and 




1 part silica .... 

800 

1250 

2CaO . Si Os 


The action of lime may be altered by the presence of othcT 
fluxes in the sand. When alkalies are present simultaneously 
with lime (as is usually the case), they reduce the temperature 
at which interaction occurs, as sodium and potassium silicates 
and alumino-silicates are formed at a lower temperature, and fuse 

^ See footnote on p. 187. 
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more readily, than the corresponding lime compounds. Moreover, 
any fused matter which may be present acts as a solvent of lime, 
silica, and alumina, and thereby facilitates their interaction. 

When iron oxide is present, calcium metaferrate (CaO . FegOg, 
melting at 1205° C.) or calcium orthoferrate (2CaO . PegOg, melting 
at 1400° C.) may be formed. According to R. B. Sosman and 
H. P. Merwin, both these substances dissociate at their melting 
points, the latter giving black crystals with a yellowish-brown 
tinge, and the former yielding long black needle-shaped crystals. 

The extent to which these reactions will occur depends chiefly 
on the relative quantities of each of the constituents present, the 
size of the particles, the temperature to which the mixture is heated, 
and the duration of the heating. 

Lime compounds are amongst the most powerful fluxes, and 
a small percentage of minerals containing lime may reduce the 
refractoriness of the sand very considerably. The effect of lime 
compounds in this way depends on the size of the grains and the 
intimacy with which they are associated with the other constituents 
of the sand. Thus, the very minute particles uniformly dissemi- 
nated through the sand are much more active in their action than 
larger irregularly disposed particles. 

The form in which the lime is present also affects the activity 
of the reactions. In the form of carbonate, the action is very rapid, 
as the carbonate is decomposed at a temperature of about 700° G., 
forming free lime which attacks the silica and silicates present 
very rapidly. Calcium sulphate does not dissociate below a 
temperature of 1200° C., but above this temperature its action 
is exactly like lime or calcium carbonate. In the form of felspar 
and other calcium-bearing alumino -silicates the action of the lime 
is also retarded to some extent, the refractoriness not being reduced 
so greatly as with compounds which produce free lime. 

3. Soluble calcium compounds may produce a scum on any 
articles made from the sand, unless such compounds are changed 
into some insoluble form during the course of manufacture. 

Baeixjm Compoxjjstds 

Barium compounds occur in sands, the only one of importance 
being Barytes, which occurs as colourless or white orthorhombic 
crystals, sometimes tinged with yellow, red, brown, or blue, having 
a hardness of 2*5-3 *5 and a specific gravity of 4*5, It is derived 
chiefly from mineral veins in which it occurs as a gangue. Barium 
compounds in sands act in almost exactly the same way as calcium 
compounds, so that their action need not be described separately. 
Barium silicate melts, according to G. Stein, at 1368*5° C., and 
according to R. C. Wallace, at 1490° C. ; the latter figure probably 
relates to the disilicate. 
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Magnesium Compounds 

Magnesium compounds may occur in sands in any of the 
following forms : 

Magnesite occurs as white, grey, yellow, or brown grains, 
sometimes in hexagonal crystals, having a hardness of 3 *5-4-5 and 
a specific gravity of 2*8-3 or more. It is produced by the alteration 
of rocks rich in magnesium silicates, chiefly vein rocks. 

Dolomite is a carbonate of calcium and magnesium which occurs 
as white or tinted hexagonal crystals, having a hardness of 3*5-4 
and a specific gravity of 2*8-2 *9. It occurs rarely in recent sands 
such as those in the Drift of Suffolk. . 

Spinel, see below. 

Cordierite, see p. 188. 

The effect of magnesium compounds on sands is to reduce 
their refractoriness, but, unlike lime compounds, the rate of fusion 
is comparatively slow, and the compounds formed are very viscous 
in the molten state, so that where the sand is used in the manufacture 
of articles which are afterwards burned in a kiln, the vitrification 
range is much larger and there is less danger of the goods losing 
their shape than when lime compounds are present. 

Aluminium Compounds 

The aluminium in sands chiefly occurs in the felspars, micas, 
pyroxene, aniphibole, clay, and other alumino-silicates, and other 
minerals present as impurities, but a small proportion may occur 
as free alumina. The principal forms of free alumina which may 
occur are as follow : 

Corundum consists of grey, green, reddish, or yellow hexagonal 
crystals, having a hardness of 9 and a specific gravity of 3 *9-4*1. 
It is derived chiefly from veins and segregations of igneous rocks. 

Bauxite, Laterite, and Diaspore are hydrous forms of alumina 
which occur very occasionally in sands. Bauxite is an amorphous, 
earthy, or granular material of dirty white or brownish colour. 
Laterite is an impure form containing much iron oxide. Diaspore 
forms white orthorhombic crystals, with a hardness of about 7 
and a specific gravity of 3*5. 

The effect of alumina on sands varies according to the state 
in which it is present and with what it occurs. Alumina reduces 
the refractoriness of sands when small proportions are present, 
but larger proportions increase the refractoriness. Table XXX., 
due to Seger, Hecht, and Simonis, shows the effect of alumina on 
the refractoriness of silica. 

Spinel is the term used to designate a group of minerals of 
varying composition, but consisting essentially of magnesium 
aluminate, though iron, manganese, and chromium may replace 
some of the magnesia. They occur as red, brown, black, or some- 
times green or blue cubic crystals, having a hardness of 8 and a 
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Table XXX. — Fusibility of Alumina-silica Mixtures 


Silica. 

Alumina. 

Refractoriness. 

100-0 


°C. 

1770 

93-5 

6-5 

1710 

91-6 

8-4 

1670 

89-9 

10-1 

-1610 

87-2 

12-8 

-j-1610 

85-2 

14-5 

1630 

82-5 

17-5 

1650 

78-0 

22-0 

1670 

74-7 

25-3 

1690 

70-3 

29-7 

1710 

63-9 

36-1 

1730 

59-6 

40-4 

1750 

54-2 

45-8 

1770 

49-5 

50-5 

1790 

44-0 

56-0 

1825 

37-1 

62-9 

1850 

28-1 

71-9 

1880 

18-0 

82-0 

1920 

7-1 

92-9 

1960 


100-0 

2000 


A minus sign indicates a temperature slightly below that shown. 
A plus sign indicates a temperature slightly above that shown. 


specific gravity of 3 -5-3 *6. They are derived chiefly from basic 
igneous rocks and from metamorphic gneisses, serpentines, and 
crystalline limestones. 

Chrysoberyl is a beryllinm aluminate derived from granite, 
gneiss, and mica-schist, which occurs to a limited extent in sands 
as green orthorhombic crystals, having a hardness of 8*5 and a 
specific gravity of 3 *5-3*8. 


Strontium Compounds 

Strontium compounds are very rare in sands, the only one of 
any importance being Celestine, which is a sulphate of strontium 
occurring as white orthorhombic crystals, having a hardness of 
3-3*5 and a specific gravity of 3*96. 

Tantalum Compounds 

Tantalum compounds are also rare in sands, the chief one 
being Tantalite, — a niobate and tantalate of iron and manganese 
which occurs as black, grey, or brown orthorhombic crystals, 
having a hardness of 6 and a specific gravity of 5 *3-7 *3. 
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Titan [UM Com pounds 

Titanium compounds occur in sands in the following forms : 

Rutile is a titanium oxide oc.curring as rculdish-brown, yellowish, 
oi* black tetragonal crystals having a hardn(:\ss of and a 

specific gravity of 4-2. It is derivcnl (diiedy from acid igneous 
rocks and mctamorjihic rocks, though it may also occur as an 
alteration ])rodiKit of other titanium mincu’als, llutile is on(‘. of 
the commonest dc^trital minerals in sands, on account of its gix^at 
stability. It is almost ind(^struc!til)l(^ and may be passt^d on from 
011(3 deposit to anotlu^r with j)rac.ti(^ally no changes. In some easels 
rutile is concentratcid by watcT acition forming lai-ge deposits (con- 
taining but little ([uartzose material (p. H)4). 

Brookite is a titanium oxidci (xccurring as lirown, neddish, or 
blackish orthorhombic (crystals, with a hardmess of 5 *,5-0 and a 
spe(cifi(c gravity of 4. It is also an aJhcration prodiuct, d(3riv(‘d 
(3sp(cc,ially from dohcritccs. Brookitec is hess wi(l(‘ly distiTbuhed than 
rutiky lint is vecry (common in tluc (foal M(casures of Durham and 
th(c Millstone (Jrit of Yorkshinc. 

Anatase is also a titanium ()xid(3 W'hi(ch occurs as sl(md(cr 
t(3tragonal pyramids of a brown, bliuc, or lihuck colour, having a 
hardness of 5 •5-6 and a specifi(c gravity of .‘hS2-3*95. It is an 
alteration product from otfuu- titanium mimcrals a,nd is principally 
derived from granites, dolerite, schists, (‘tc. Anatas(c, lik(c lirookitcc, 
is also of more local ()ccurr(*.n(c(c than rutile. It is abundant in, 
the Kcuper Wat(3rston(cs, and o(c(;urs to soiiuc (extent in the I)rift 
of Suffolk, the Weahk'.n beds, the .Inferior Oolite of Northampton- 
shire, the Bunte* beds of the Midlands, and in Iricland, thxc Low(cr 
Permian of Yorkshinc, tfue (k)al M(casur(^s of Northumlxcrland, tluc 
Millstomc Grit of Yorkshir(c and Scotland, the (farbonihu'ous Lim(‘“ 
stone, and the |)o(cket sands of I)(u*l)yshir(c and North Wales. 

Ilmenite is an oxidic of iron and titanium oc-curring as lihudc 
h(3xag()nal crystals, having a hardn(*.ss of 5-0 and a, spiccilic. gravity 
of 4*5-5 •(). It is deriv(cd from basic igneous rocks, (\sf)(c(ually 
diorites, and also from the disintegration of intrusivee veins. It 
is one of the commonest heavy miru'rals, and is found in pra(ctically 
all detrital sediments. In some eas(cs it may be partly conv(U’t(cd 
into loucoxene and anatase. Ilmccnitcc is sormetimes c()ncentrat(‘d 
into largo placer deposits containing few other mirucrals. 

Sphene or Titanite is a titanate and silieat(} of caheium which 
occurs as brown, green, grey, yellow, or black monoclinic crystals, 
having a hardness of 5-5*5 and a spxceific gravity of 3*54. It is 
derived chiefly from acid igneous rocks such as granite, syeriitcc, 
etc., and also from metamorphic rocks, rich in caleiiun. 

Leucoxene is a variety of sphene produced by the alteration 
of ilmcmite and other titanium -bearing minerals.' It is found in 
most sands and deposits where other titaniferoiis minerals o(icur, 
and is especially frequent in Carboniferous rocks. 

Titanium compounds act as powerful fluxes, and, if present in 
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quantities exceeding 2 per cent, they greatly reduce the refractoriness 
of the sand. The effect of titanium oxide on the refractoriness 
of silica is, as shown in Table XXXI., due to R. Rieke. 

Table XXXI. — Fusibility of Titanium Oxide-silica Mixtures 


Silica. 

Titanium Oxide. 

Refractoriness. 

100 


°C. 

1790 

90 

io 

1730-1750 

80 

20 

1650-1670 

70 

30 

1580 

60 

40 (Eutectic) 

1530 

50 

50 

1610 

40 

60 

1670 

30 

70 

1650 

20 

80 

1650-1670 

10 

90 

1650 


100 

1610 


The effect of titanium oxide as a flux on alumina is even more 
marked than on silica, as is shown in Table XXXII., also due to 
R. Rieke. 

Table XXXII. — Fusibility of Titanium Oxide-alumina Mixtures 


Alumina. 

Titanium Oxide. 

Refractoriness. 



1 

c. 1 

100 


2000 

80 

20 

1825 

70 

30 

1770 

60 

40 

1730 

50 

50 

1730 

40 

60 

1730-1750 

30 

70 

1690 

■ 20 

80 

1650 

10 

90 

1630 


100 

1610 


Thorium, Cerium, and Yttrium Compounds 

The only important thorium compound occurring in sands is 
Monazite, which is a phosphate of cerium metals and thorium 
silicate, and occurs as pale yellow or reddish-brown monoclinic 
crystals, having a hardness of 5*5 and a specific gravity of 5*0. It 
is derived from granites and pegmatites. 

Thorianite and Thorite are also sources of thorium, but they 
occur only rarely in sands. 

Xenotine is a mineral similar to monazite, consisting of phosphates 
of the cerium and yttrium groups, together with silica, thoria, 
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zirconia, etc. It contains S-1 1 pea* ccait of cca'ia earths and oldjr) jxa* 
cent of yttria earths, and occurs as })rown to naldish-bi’ovvn or 
yellow tetragonal crystals, with a hardness of 4-5 and a s[H‘eific. 
gravity of 4-45-4-5G. It is freqiunitly associat(‘d with zir(‘()n, 
especially in granitic rocks, and is abundant in tht‘. diamond sands 
of Brazil and in Scandinavia. In smaller pro})ortions it o<*(mrs 
in other rocks, such as those of the Millstone (h*it, arid in sonic 
(k^trital sands. 

Tungsten (kiiviPouN ds 

Tungstcni compounds occur in sands in varying (fuarititi(\s. 
The following are the principal varieticis : 

Wolframite is a tungstate of iron and manganese^ which ()e(*urH 
as brown or greyish-black inonocJinic crystals, having a hardn(‘SH 
of 5-5*5 and a specific gravity of 7d-7*h. It is deriv(‘d from 
pneu m atoly tic veins . 

Scheelite is a tungstate of calcium whicdi ocjcurs rarel\' as 
yellowish or brownish tetragonal crystals, with a hardmws of 4*5-5 
and a specific gravity of 5*9-G*I. It is also d(*rivc‘d from pmm- 
matolytic veins. 

Huhnerite is a tungstate of mangan(‘S(‘ whic-h occ'urs very 
rarely in sands. 

OniiOMiuM Compounds 

There are various compounds containing chromium as a minor 
constituent in sands, but the only one which (mntains a large*, 
proyiortion is Chromite, whi(*h occurs as bla(‘k or brownish-hhude 
cubic; crystals, with a hardness of 5*5 and a Hf)(*(;ili(; gravity of 
4*3-4 *5. It is d(*rivcd chiefly from ultra- basic; rocks, j)(‘ridotit(‘s, 
<;t(;. It is vevry resistant to weatheu’ing, and is carric^d about in 
sands without any a|)pr(*caabl<; alteration. 

Tin Compounds 

Tin compounds occur in sands only as Cassiterite ; it is found 
usually as biaede or brown tetragonal crystals, with a hardnc;Hs 
of 6-7 and a specific gravity of 6*4-7* 1. It is derived from granitc*H 
and (quartz veins as well as other acid igneous rocdcs. It is found 
in the sands of Cornwall and other tin-b(;aring districts, and has 
also been found, to some extent, in the pocked-sands of Dcu’hyshirc;. 

Zirconium Compounds 

Zirconium compounds occur in sands principally as Zircon (zir- 
conium silicate), which consists of eolouricsH gr(;on or reddish-brown 
tetragonal crystals, having a hardness of 7*5 and a Hpcadiic; gravity 
of 4*7. It is derived from many types of igneous roede, c;Hpec;ially 
acid ones, and also from crystalline iimestones, grudsKc^s, and schists. 

Zircon is an extremely durable mineral, and may lx; r(‘peatedly 
transported from one deposit to another without any matcudal 
changes. Consequently, it is one of the common(‘st constituemts 
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of sands, and is found in almost every deposit." In some cases 
it is concentrated by water action forming large deposes 'practically 
free from other minerals. ^ e - ^ ^ 

IManganese Compounds 

Manganese oxides occasionally occur in some dark sands. 
They act as powerful fluxes and rapidly decrease the refractoriness 
of sands in which they occur. They also give the sands a brown 
colour, if present in sufficient quantity, which may be an objection 
to their presence. Manganese compounds may occur as a thin 
film over the quartz and other constituents of the sand, giving 
the whole bed a brown colour, which may be removed to some 
extent by washing. 

Phosphorus Compounds 

Phosphorus compounds occur in sands chiefly in the following 
forms : 

Apatite is a phosphate and fluoride of calcium or a phosphate 
and chloride of calcium, with a hardness of 5 and a specific gravity 
of 3-17-3-23. It forms greenish or yellowish hexagonal crystals 
which, in some cases, are various shades of blue, grey, red, and brown, 
whilst white or colourless specimens also occur. It is derived 
partly from igneous rocks and partly from rocks which have been 
altered by metamorphic action. Apatite is not of wide occurrence, 
but occurs to some extent in the Reading beds, the Thanet sand, 
the Bunter beds of the Midlands, and the Lower Permian beds 
of Yorkshire. It has also been found in some dune sands. 

Coprolite and Phosphorite are natural phosphate rocks which 
are produced by the accumulation of organic remains. Phosphates 
are common in the Greensand beds, some portions being so rich 
as to be suitable for use as fertilisers. 

Phosphorus compounds effect a serious reduction in the 
refractoriness of silica, on account of their low fusing point and 
the formation of fusible phosphates. Table XXXITI., due to 
C. Nielson, shows the softening points of various mixtures of 
calcium phosphate and silica. 


Table XXXIII. — Fusibility of Galcium-phosphate-silica Mixtubes 


Formula, 

Calcium 

Phosphate. 

Silica. 

Softening Point. 


100 


C. 

1550 


90 

lb 

1440 

CaaPoOg. ISiOo 

83'8 

16-2 

1450 


80 

20 

1480 

CaaPaOs . 28105, 

72-1 

27-9 

1500 


70 

30 

1445 

Ca3P5>08 . SSiO;, 

63-2 

36-8 

1630 


60 

40 

1490 

CaaPijOg . 4Si02 

56-3 

43-7 

1470 
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M(3talli(‘. (^IcaiK^nts ocean* in small pi’oportions in soiiKi sands. Idic 
|)rincipal one^s so found arc as follows: 

Gold occau's in grains of varieuis sizes associated with zircon, 
(corundum, topjiz, gamed/, edc. It is ye‘lle>w or br*e)nzy in e‘.e)loiir, 
anel has a, harelncss e)f 3*5-3 anel a spcaalie*. gravity of 1 2-20. It 
is elea-ivcel fi’oni ge)ld-l)eairing j)rimary readcs, in vvhiedi it e)e'eairs 
elisseaninateal through the mass. 

Platinum oeaairs as stead-grey particless, whicdi may l)C e ithea* 
amor'phons e)r eawstalline^, usually the‘ former. It has a harelne\ss 
e)f 4-4-5 anel a sjxaalic gi-avity e)f 2 1 -40. 'Pla.tinxrm is dcriveal fre)m 
basie*. igneems re)edvs, ])eriele)tit(;^s, edc., the)ugh it may alse) be elcriveel 
frejin seinu! me‘.tame)r[)hie*. anel seelimemtary re)cks whiedi have beam 
j)re)eluce*el eu’iginadly from ba,sic igneams re)edvs. 

Palladium, Osmium, Iridium, Ruthenium, Iridosmine, anel 
Rhodium aT*e alse) feiunel in asse)ciatie)ii witli ])latinum in de^tritaJ 
de*positH. 

NoN-M JOTALLIO IOlKM lONTS 

Non-me.‘tallic eleincmts do ne)t oce-ur in sands, oxcc})t car})e)n, 
whiedi may be feiund in some sands, as Diamond (sea^. p. oil). 

Ro(‘K FrA(}MIONTS 

Be‘siele‘s the^ simpler minerals ahaaidy descrilieel, small rexdv 
partiedevs ce)nsistin,g e)f aggregatevs eif mincjral gr*ains may examr iir 
sands. Sucdi roe*k fragmemts are veay ea)mme)n in desert sands, 
whiedi eiftem ce)nsist chie^fiy e)f ea)mminuted re)ck partiede^s. In 
re^gie)ns whea-e^ enystalline^ se-hists have^ beam elisinte^grateal, small 
fragmemts e)f sediist, ejuartzite-, anel grarmlite arc oftem fe)und in 
the^ sane Is eku’iveal fre)m th(%se^ rocks. 

Organic and otiiiok ( UiiBeiNACEenis Matter 

( ’arbonaceaius matter eiccurs in most sands. It is elcriveal fremi 
eithea* deeayeal animal or vegetable) matter, and may be) inclueied 
in the depeisit as a result eif tlic infiltration of wuiter eontaining 
carbonaceous matter in suspension, e^r by the sinrulfcaneous el(‘pe)si- 
tion e)f eairbonaceous matter during the period of formation of the) 
sand, or l)y bituminous rocks becoming mixtal with the sane I. 
In some eases the origin of the earbonaceeius matter may be reuielily 
recogniseel, as when leaves, wooel, roots, etc., a.rc) ])i‘e)sent. The 
carbonaceous matter may be disseminated very unifeirmly through 
the sand or it may be concentrate )el in certain places. In some 
sanels carbonaceous matter forms a thin film over the (piartz 
and other grains present, giving the whole) mass a dark- brown coleiur. 
The colour may sometimes be a guiele as tei the; amount of carbon- 
aceous matter present, but this is not very ixdiable, as othe^r eole)uring 
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a^^(‘uls may infiuoiict* tho lint of tin* s<m<I, Wry dark sands 
Ii()\V(‘V(‘r, ar(‘ fnaincnt-h* ri(*h in ('arlH»na,(*c<)iis niat4.<*r, and vvlnni 
tja^y ar(‘ hc‘at(*d fh(‘ colour may hccoiiH* tnuch Ii^dit,(‘r, du(‘ io 
burning oil of ila* c*ai’bona<a‘ou.s matter. 

Thc‘ ])rinei{)a.l (d1V<'ts of earlamaeeous itiati.er in sands a.r’(‘ 

,1. Tlu^ colour in th<‘ raw s1at(‘ is very <lark. 

2. It lias a, r(*ducing acti<»n upon any iron compounds which 
may la* present. This action is \i‘vy hcncticial, as the iron com- 
pounds an* n‘duccd in pro<*css of time and conv<‘rt.(‘d into soluble* 
substan(*(‘s wliicdi fuay la* partially nnnovcal by inllltrating wa,tK‘r. 
in tiiis nmniHU I be* iron contamt ot tbc sand is graiduall\' l<HV(*f'(‘(l 
and a. partial purification takes place, so that a. sand vvhitdi originail y 
might b(‘ vci’y impun* and unsuitable* for purposes wh(‘n‘ a rcfnud.or'V 
sand is rnepiircd might, in time, la* so purilieei as to be suita-ble 
tor such purposes. ''I’his has la*cn (‘.specially t.Ia* case* wif.li ^h(^ 
glacial sands of Lancashire, u hieh ha\(* be<-n par'tiaily pm‘i(i(‘d by 
carhonac(‘ous niatl«‘i’ in fhi.s ua.\ , 

.M«m\ ol^ the* pur(yt -amis arc ir^soeiat cd with carbona.(*(‘ous 
material, Diis a>s(a*iation pr(d>abl\ beijcj partl\ the cause* of tb(‘ir 
purity. 'File Font ainebleau. Lippe, and fiolrenbockc sands orj the* 
Fonthicnt, and the A\le-,bur\ santl are all ver\ piu’c iiands which 
are* ass(a*iatcd uifh e*af’bonaceous matter. 

Shells arc a eonnnon ('emnitueut of iuan\ sands of ma,rine 
(H’igin, and in muuc can* they form the* hidk <if t la* d<*posit. (p. ir>7). 


CHAPTER V 


PROPERTIES OF SANDS 


To attempt to describe the properties of sands is to open out a 
very wide field, as sand is not a single mineral, but a heterogeneous 
mixture of • many different ones ; the innumerable combinations 
of these minerals in varying proportions produce sands of endless 
variety, so that to describe their properties fully would be a tedious 
and very difficult matter. It will be sufficient, however, for the 
purpose of this volume to describe the principal properties of a 
pure sand — that is, a quartzose sand — and to show how the presence 
of the various impurities mentioned will alter its properties, referring 
the reader to other parts of the book for further information as 
to the properties of such impure sands. 

Chemical Composition. — ^The chemical composition of sands is 
very important, especially for some purposes for which sands # 
are used. Sometimes it may only be necessary to know the 
percentage of silica, iron oxide, alumina, and water, whilst in other 
cases a more accurate and complete determination may be necessary. 
The analysis of a sand is usually reported somewhat as follows : 


Silica 
Alumina 
Iron oxide , 
Lime 

Magnesia . 
Alkalies 

Loss on ignition 


A per cent. 
B ,, 

C 

D 

E 

F 

• G. „ 


100 per cent. 


In the first place it will be observed that the analysis adds up 
precisely to 100*00, a feat of skill almost impossible, even to the 
ablest analyst, and an almost certain sign that some constituent 
has been estimated by difference,’’ This is a convenient way 
of stating that the analyst has been too lazy, too busy, or too 
ill-paid to make a proper analysis, and having determined the 
silica, alumina, iron oxide, and lime, has found that a certain 
amount of material remains unaccounted for. He, therefore, 
describes this “ difference ” as “ alkalies,” and soothes his conscience 
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with tii(‘ thouglii that so siimli a p“rc< irtaM-(* of any iiiLn’ialiiail, 
cannot make any appnsaahic* difTenaiet* in (hr value of the sand. 
This method of workinu^ is all the imaf* usual lH‘eaus(‘ tin* lahniir* 
attending thc^ actual d<‘t{‘rminaf ion of t4n* alkalies is almost. e({ual 
to that n'quired for all tin* other (‘oust it uents put toMcther. 

For som(^ purf)os(‘S, such as glassuuaking, an aeciirate know 
l(‘dg(^ of tin*, proportion of alkali<*.s is unimportant, provi<le(l tin* 
sand is oth(‘rvvis(‘ pure, hut for oth<*rs. sueli as moulding sand, 
the pr(‘sene(^ of lime, magnesia, and alkalitvs, ev(m in small (piantities, 
has a notahh* <dTeet on the* heat- rcsist.am‘e of the sand, and llieir 
proportions should lx* (let(‘rinined with great (‘xaetit udtn It in, 
as a math*!* of fact, less iitiport-ant- to km»w the pr(»portion of sili<'a, 
than of alkalies ; arid if so (-ouijih'te an analysis eannot. he obtained, 
on account of the eost of the labour involved, it is het(.<*r to tr’eat- 
the sa.mpl(^ with hydrofiuoi’ie aeid until all the sili<’a has heiui driv<'n 
olf, and to aiialv’se th(* i’esi<hi<*, than to make a. gues.s a.f. the pro 
portion of alkalies, as is s(» frerpieiitlv <ione. 

Th(* composition of most, sands in«*htfle.s St) per rent, or moi’e 
of silica, t<>g(‘ther with sonu* cpiantity of imptirities. In vej-y pun* 
sands, IS or (*v(‘n 1)1 p(*r emit of silica may he present . 

Th(‘ auiount of iron pr’esent in samls is oft.eii of gr’fsit importance, 
<\S])eeiaIlv' wher*«‘ a very ptn*e .nand is r*e(|uired. 

Mineralogical Composition. Ahhiundi the chemical composition 
of a sand is of gr(*at value, it is sometimes in iurii<*ieuts and it. may 
then 1 h‘ neecsssary tf> know irr what .date the varhum elemeiits 
d(‘t(*rruim‘d ar*e present-, as smue minei’als rua>‘ rrot. 1 m» harmful in 
a saiul, whilst others mav he vory undr.^iralh*, m* an element irr 
soiiK* iorm may he unde.sii-ahle, whilst if eomfiiiM-d in aiiotlier f<»rm 
it may not he .so harmful, 'riitis, .silii'u, ahinrina, and alkalies may 
he eomhirH‘d in the form of fels[atrs or mica., hut the felspars may 
la': harnde.ss (a* less hamifid than the micas, Ida* metlual.s used 
in (hderurining the miiierah^gieai composition of .sand « are deserihed 
on p. 2ah. 'Fhi* miuei-als pnvsent in samls have* ah’eiidy been 
d(*.s{*rihed in ('haf>ter l\”. 

The proportion of minf*ral irnpuritie,. in ..ands varies aeecualing 
to their uiode of iirigin, tire r«»ekH fr'om whieh tlu’V hav(* been 
derived, etc. fu most easf».s, the proportitm «if impurities is si^hhun 
mon* tiiaii 20 per cent, and it i.s generally mueh less. Alamt I per 
(*ent or less is the aver'agr* proportion of heavy mineraJs. though, 
when* a large aimmnt of tine material oreur.4, the* [rroportiorr mav 
he* liigla*!'. 

Saiids wliieli have been pr’odueed fliri'ctly freun igneou.;H roekn 
nmially eont.ain a Inglier proporfiorr of impuritie.-i than tin we wldefr 
are formed by tla* disintegration older sediment.-i, as f.he eouMiaiil 
ti’ansportiit ion of delrital minerals tend-H 1»» separad'C flu* grains 
ac*eording to their spi-rifif' grav’itie?^, et.r., thus «'oneent rjithrg^ the 
heavy minerals in ('f*rtain ffepo.^^its and leavirig the puart/. grains 
reason, ably pure. I hus, in .nume of the hecD «d t,hr I "pper ( freensand, 
ae(*ordirig Ihr^u'cH, the pronortioii of heavy mineral;* railv 
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O-Ol per cent or less. The Tlianet sand contains 0*07-0 *15 per cent, 
and the Woolwich and Reading beds 0*1-0 *9 per cent of heavy 
detrital minerals. In the Inferior Oolite beds, the Folkestone 
beds, and the Bagshot sands, the proportion of heavy minerals 
is sometimes as much as 4 per cent, though usually it is about 
0*5-1 per cent. As a general rule, the coarser sands contain a 
smaller proportion of heavy minerals than the finer sands. 

Chemical Properties. — The chemical properties of sands vary 
with their nature and constitution. It is best, in considering this 
subject, to ascertain the chemical properties of a pure quartzose 
sand and then to find how these properties are affected by any 
impurities present. 

Quartz and most forms of free silica are insoluble in all ordinary 
acids, but dissolve more or less rapidly in hydrofluoric acid in the 
cold and in phosphoric acid at 400° C. or at higher temperatures. 
Crystalline quartz is least soluble and amorphous silica the most 
soluble. The following results, due to Schwarz, show the proportions 
of crystalline and amorphous silica dissolved by hydrofluoric acid 
at 100° C. by digestion for one hour : 

Quartz 5*2 per cent. 

Gelatinous silica . . . 52*9 ,, 

Felspar, leucite, and other minerals which contain a high 
percentage of silica are also usually dissolved very quickly by 
hydrofluoric acid, but anatase, brookite, rutile, andalusite, kyanite, 
sillimanite, staurolite, topaz, tourmaline, corundum, spinel, cas- 
siterite, axinite, and zircon are only slowly attacked, whilst such 
substances as mica, hornblende, and sphene are partially decom- 
posed. 

The action of alkalies upon quartz and other forms of free silica 
is similar to that of hydrofluoric acid. Quartz is attacked to some 
extent by caustic soda, finely-divided material being more readily 
attacked than the coarse crystals. Non-crystalline silica is still 
more easily attacked. Colloidal and hydrated forms of silica are 
rapidly attacked and dissolved. Sodium carbonate also attacks 
quartz, but to a lesser degree. 

Caustic soda decomposes felspar quickly at a bright red heat, 
the extent of the action depending on the size of the particles 
and the nature of the felspar. Fine particles are naturally more 
readily attacked than coarse ones, and soda felspar dissolves 
quicker than potash felspar. 

Caustic soda also attacks hornblende, augite, biotite, etc., to 
some extent, but andalusite, epidote, and muscovite are not 
appreciably affected. 

Lime does not affect silica at atmospheric temperatures, but 
at high temperatures (about 1000° C.) it begins to react upon 
amorphous silica rapidly, and though quartz and other forms of 
crystalline silica are not obviously attacked below a temperature 
of 1400° C., yet, according to J. W. Cobb, some combination does 
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occur (j). OH ). Linjc also attacks sili('<*ous luirKU'als in Uh* sainn 
niannc!’ as siiit'a. 

Sili<’a and siIi<*cous niiiHM'als ar(‘ att^ackcd by rarhon ai all 

pcrat arcs al)o\c 1200 ( fonninii: silicon and car'bon monoxide*, 
and sonictinH‘s silicon carbide*, d’liis profU'rt-y is of yn'<‘at. value* 
in t he* inaimfact ui’c of carl)orundum. d’hc pn‘s<‘m*(‘ of iron com 
pounds (as irnpur’iti<*s) favour's the n'duction of silica to silicon. 

Many of the* impurities in sands an* alTcct.<*d by chemical 
I'cai^cnts which do not- affect. <piart./i. ddds pi'op<*i’t.y is of value* 
in Sfune* case*s for the pui'ilie'at ion of sanels ; thus: 

IJ f/(h’fK'hitfn‘r nrh! attacks many e'aJ<*are‘ous anel fe‘r’riri!;ine)us 
impui'itie*s in sanels. sue'h as dolomite*, ina.tme*sit.e‘, e-aJeit-e*, iron oxiele'S, 
e‘te*. Olivine*. seTpent ine*, e‘iileu'it.e*, ne* jdie'lim*, epielot.e*, le'ueit-e, 
apatite*, anel either phosphates, mona/.ite*, e*t(*., are^ alse) attae'keel 
to some* exte*nt. Some* .sidpliieles are* also elissoh e*el. Manp;a.ne*se* 
oxieies. if pr<‘se*nt, ai'e* r'e^nieeve-el, anel semie* silicate*.*-* are* ele*e*ompe)Hed, 
by proloufjeel boilinc vvitli tlie* e*eme*e*nt.rat.e*el ae*ieb 

Sid pliK t'li' arid atta<*ks any e-lay eer liydrat.e-el alumino siliea.t.e*s 
which mav be pr(‘scnt in sanels, de*compe)sin^ the*m int.e) aluminium 
sul{)hate*. silie*ic ae*id, e-te*. d’lie* ae-tie»n is ne»t- always e-eem [)le'te\ 

Xifrir arid att ae-ks any sidpiiiele*s vvhie*h ma\’ be pi*e*s(‘ids fnrniini^ 
sulphate's. 

Cfilarir arid is an active* oxieli.sin.L^ aee*nl, and attacks any 
e’arlHUiaec*ous matter which nia\‘ be* pr'e*.scnt in sanels. 

Sadiifta rhiaridr {raaunati whe*n mixe'd witli sanel anel lie'at.eel 

to r«'<lne*s.'^,. will «*ause* the* vapeu'i.satiem e>f alnuist all the* irem as 
e-hleu’iele*. 'riie* calcine-el sanel, afte*r washiuv^ te» re*me>ve‘ the soebi, 
is there*by re*nd<‘re*d ahne>st fre*e- fnmi ireai e-emipe>unels. 

I’he* elTe*ct ed \ar’i<»us re‘aL^e*nts on sanels, lienve-ve'r*, is not- in ruej.st 
ca.se»s .suflicie-nt ly distinct to r’enele*r Heparatie>n ae'e-urat.e*, a.s bcfot’c 
fUie* .substane-e* is cciiupkde-ls eice'euujeee.se’d e^r elisse »1 ve*ei anedlic*!’ 
mate-rial may have be-e-n atfe*etcd to some* e-xte-nt. anel e-e»nse*(pie‘nt ly 
the .se-parafieui is imt sharp, e*ae-h e-emsfitaie-nt se*[)arat:e‘d be-irpi; 
e-eerd a minat<*el by othe*r sub.stati‘*e*s. 

Many ejf tfte* mine-rals whi«*h ea-e-iu' in sanels are* little atfeete-el 
by a.eiels and are* as n-.Hi.sf'uit in the»ir ae-tiem a.s epiartz it.se-lf : seune* 
are* e*\i*n inovt* re*.sistarit (/a/, sillimanite- anel its allie*d mine*i'al.s), 
see that e*nly e'e-rtain iiune*ral.s. sue*h as theMc* pre*\ imisly ?ne‘nt.ieuie*(k 
aff<*e*l the pre»pe*rties ed sanels in the* cold. 

V\'he*n he*ate*d. eai tfie* ceaifnery. nm.st- mine*ral imfau’itie-s in Hands 
affect the-m umre* or lass svrinusiy. usually re*due*iny th<* refrae-t.orine-sH 
anel some*! inie*.s e-ausinti: edhe*r diflie-ult ie-.s. This i*tfe*(*i is el<*alt. with 
in ya*f*iite‘r de'tail in the* se*et ion eui the* r<*frae-t(»ry pr‘opi‘rt.ie*s ed’ 
sinidH (p, 22b I , 

Colour. Tfie* e*edour of sands vurie^s within e*xt.re*mely wide 
limitH.aml theaiifh it i soine-t iiiie‘s usf’ful.asa me*anH ed' di.d inyui;*diirHf 
difTe*n*ni kinds ed' sand, \eTy little* re*liam-e* ean he plaee*d iipem it. 
Feu* instance*, a dark e-okan* in a nat.eiral sand may md ni-ee-sHarily 
nK*an that the* sanel is impure*, as the* e*edeair may he* elne- tee the* 
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j>r<‘scn(‘!‘ of rarlioii;j<*oi»n- inattiT. <»fi i'jiiifHfii, fiia\ po:-,sih|\' 

n‘a<iily b(* i‘rmn\r(|, h-.nin-j a pun* uhit** <|uart/.»»a' n*ii 

Uh* othoi* hand, a purr uhitr and iua\ routain a lanjr prupnrlion 
of r(dt>mit‘ss iiupurifir-. u itirh nia\ niakr if u dr for auur |»iirpoa*s, 
whcr’UHS, from its mhuir a dark and nuLdn Im* rrjrrfi t| in prrfrmirr 
to a lipdd -rolourrd onr. 

ddi(‘ colour of sand- may \ai“y rui r- idfU a hi \ in difiVrrnt Irafa. 
ddius, the fop iM'd^ «>f a drpi* if ma\ fa' ruiuurrd drrp|\ f»\ rarhof}. 
Jiccoiis maffer, lourr doun Ihr .^aud ma\ Ih* p! ifrt f|\ \Uiilr. 

AnotJjcr example of a rhaiiLn* in rolour of t hr frala i . whrri* a 
l>cd of sand is in clo.a* a->oriatioii witfi a.|.jofh*"f hrd rontainiuir 
nuiucin^t ayrnt>, >air|i a^ huuiir arirk In in h ra a a hrouii 
sand may fa* partially hlrarlad uhrrr it> i* in ronfarf uifli fhi* 
otlau* hrd. diis ma\ not nrrr « aiilv nman a rfiaui'r in 

composition, hut simpl\ llnat llir iron rompoimd^ uj tlm .and niav 
he rcduccfl from the h-rrir to | hr frrn»n laf* \luii\ *and flcpo^jtn 
which have been expo.a-d ti»thr vu*al firr for '^omr-' fimr v|jow 'Viiri«ais 
tints of yellow or hianui. d1u> t'oh»ration, rtr dro oloraliom i » tliie 
to t.lu* oxidat ion or rustifw* of f hr iron » »\}dr whirh the Naiid t'oiifaius, 
d'hc depth to uhich the urathriiiej; ha*- prurf{iit»*d v-> rifii n fdiouii 
Ijy the colour of the deptisii. and the hroiuiidi Imf. fuai- hcf’oine 
lighter at# incre.asin^' depths of the i|*'po:dt wlirrr the art ion of the 
weatJier dfnss not occur tot hi* same exfrni , dit- r-lfrrf, of weatlierinif 
is particularly- notieeahle in :'atft sand> ror|o% ttlurji are lrr't|Uriiil\* 
('ovcrcfl with a thin layer »»f staini'd fork, tthik^ I lie uitrjior of 
the mass may he nnirh li’chtrr in rolotn- I’lir liimt of vu^alhfuini^ 
and <lis«'olorat ifUi oftmi irirrular, anti drpriai * fr# a laraf** I'-xteiit 
tui thi* porosity «»r prrmeahiht\ of drpo-at fin' |ire>a*iicn 

of a chi\ey sand hrd may ^'fop further prnri la-f ion of viatrr, etc,, 
ami so pn’Vtmt, or at an\ ral»^ h'-rn, flw' dr-a-olorat nui of fhe iHals 
below it. on areoiiiil «>f fhr rla\ hrinj," |r>^ > p-riiii'a, hir and arrcsfiiif^ 
tin* ptu'ctdalinr u atria 

I hsetdoral ion dur to urathriiipj max hr dist j|i|/ii|.M|-|rfi from 

discoktraf itai due fo rhanet' in r«in4po-at ton oi from other 
hy tile flirt that the former ronin-c-nee^) .at fhr airfart- of a f|e|ioHjt 
lUiii tends to he inie4 promuinred aloiii.! ir**.- 4 nr^. joint or alotjn 
tin* trails of plant 1 * 014 * 4 . d'lnro \anatsoii"« in « oloiir in different^ 
striita of sand in fh** rame j^iuierai h* ?! ttm\ , hut di* in#!, ip'es-’e-v:iirilv, 
iiidieate some appn’eiiililr «|itlerenM* m r'oin|i»4:uf ion, itor $s the 
colour a rrdiaffle miide to the piinty of a .ptiid, as fhi* aiiiouiit of 
impurity pro<lneini 4 the efflotir ireri he i|tii|r smali in pretporf ififi 
to iiie colour if pr<»fluees 

die colour of Halida is itue partly lo fa'ii'aiiir /md isar hfiiiiieeoiiH 
miiit.er and piirlly h* the iniiieralH if eonfaifi.s, A purr i|iiiirt/ile 
sand, ur one efaitaiidiie only roloiirleHs impiinfif-s puirh fri.H|inr, 

miefn ntf'.. will f*e almost pure nhite, w||il*4 lip* |♦rl‘■;'.e|■|r■e of iron 
gives to the ^^and a yellow, red. or hrottimdt liiif, ivim-h viirii^H 
a,ccording to the nafure of the iron eonipoiiiids preHent iiiifl fin* 
firoportion in -wliieh they ormir .\!agiietife nili una* hliir-k siimh ; 
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hu(‘nuit it.<\ oil thr other hand, will ^iv(‘ t.h(‘ sand a. r(*chlish t»in|i:e, 
whilst if th(‘ iron oxi<l<* is hydrat-(‘d (linionit-<‘) t/h(‘ colour t-a.luNH 
various shadi's of yidlow or brown. A ^r(‘<*ni.sh iin;.^(* may b<‘ wnm 
in sands cont-ainint!: any apjinadahlc proporfion of iron in th<‘ Ivrrous 
st.at(‘ or as iron silicate*. (AVc bvloir.) 

Othca* impuriti<‘s, if pri‘S(*nl. in suf(icii*ni (juant.it<y, may i^ive^ 
char*actcristic colours t.o t.he* sand. Thus, the* (h*c(‘nsands own 
t h(‘ir colour to tdic prcs(*nc(* of trn*!*!! or brown ^^la-uconit.e* (p. I HO), 
lirowu sands may Ih* due t^o t.ia* pn'sence* of imin^ajuase*. I)ark“ 
coioun‘d sands may also be due to the* prcs(*ne(* of iron silicat(*H 
such as liornbh‘nd<‘, auLdh*, (*0*., tJt.anium nun(‘raJs such as rut.ih*, 
or to zircon or oth(‘r <iark-colour(‘<I dt‘trit.al miu<*ra.Is. ( )live“|j(;r(‘(‘ii 
or bluish -jS^ree*!! colourint^ is usually <iu<‘ ia the* pr(‘scnc<‘ of ferro- 
mairrH'sian minerals and their aIi.<‘ratiou product.s, such as chlorit.(‘ 
and s(‘rj)(‘ntiiH‘. For furth<*r information on the ruitiure of vaiMous 
coIoun‘ei sands s(‘c Chapter III. 

'Flu* colour of sands may* <*haii^c when IIh'V ai'e* h(‘aic(l. d'hus, 
a dark colour due to (‘arhonaecous matte*!' may be d(‘st-roy(‘d, t.he 
(‘arbon b<‘in^ <*onvcrt<*d into volatile* e'emipemnds or int-e) evirbem 
elieixieh*. whilst any h*rruginems irem wliie-h may be pi*e*scnl. may 
lie e'on\eTte*d into the* fe*rrie* stat-c, thus mivinei: a li^ht. e-eihuu'e'e! 
sand a elark(*r shade*. Any hydratcel iron eixiele*, or any ma^ne'tite, 
\vhie*h may be* pre‘se*nt may’ be de*hydrated and oxieliscei, forming 
a. red instead of a br<n\ n or black sanei. 

ddu* transparency of .sands de*pe*nels on the* nature* of the* mine*rals 
pr(*s(*nt ami on tin* impuritie*s wliie-h oe*e*ur in the*m. A pui'e* epiartz* 
it<‘ sand may e*onsist alino.st wholly ed’ {’I(‘ar trans[iar<‘nt. grains, 
hut the prescrtcc eif impurities may e*a,us<‘ tin* grains to b(‘e‘onu‘ 
opaepie* or (’lomh-d. The* same* elle<*t oe*<*urs wit-h other min(‘ralH 
siu'h as fe'lspar, e*t4*., partial ele'e*omposition in tlie latter giving 
<*Ioude*d gi’ains. Tims, a .sand may consist of transparemt, irans 
luceMit, eir e^aupa* grains ae*e*or<ling to Die anmunt of impurit-ie‘H 
pn*se*nt. 

In some* ease's, a sand may appear to e'emsist* of eipaejue* grains 
which an* trnnHiue'e*nt . nr e*v(*n t rans[aire*nt, whe'ti in the* form nf 
tiny fragments. Thus, the* esiges of hlaek flint grains are* often 
translue*f*nt. Dinas .sand is also tra!ispare*nt if e'Xarnhu'd in thin 
He<*tioiis. 

Idle* lustre e>f sanels is a use*ful guide* to the-ir e’ompositJon anel to 
the* |a‘e‘He*nea' eif ee'rtaJn mineTals in the*m. 'Flms, the* nil ve‘ry lustre* 
of mie*a flak<*H in a sand is readily d<*i<‘et(*(l, whilst^ some* oth<*r 
ehaniete*ristit' Iustr<*H are* alsee noties*ahIe*. Quartz has a vitn*ous 
lustre*, wdiilst iiH*talIie’ grains have* a eharae'teristie* and unmistakable* 
np|H*iirane'<*. The* lustre* of nnne*rals ele*pc*ndH largely em the'ir 
Hurfaei* ; if the* Iatte*r is dull and e'orroeled the* mine‘rnl will rmt have* 
so hrilliant a lustre* ns when a p<*rfe*e*tly ne*w anel fre.sh surfac'e in 
exatuine'd. 

Refraction* The* ae-tiem e>f sanels upem ligfit transniitte'd through 
the grains is of gre*at impeirtane-e* in eie*te*!'niiiung the* mitun* eif the* 
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constituent gi‘ains. Many crystals and grains having a crystalline 
structure have the power of turning a ray of light passed through 
them, the relative turning (or refractive) power being expressed 
by a figure termed the refractive index, which is constant for each 
mineral ; by this means it is possible to determine the nature of 
some of the grains being examined. The refractive indices of the 
principal minerals likely to occur in sands is shown in Table XXXIV. 
The use of the refractive index in estimating the proportion of 
various minerals in sands is described in Chapter VI. 


Table XXXIV. — Refractive Indices 



Max. 

Min. 

Hyporsthene 

1-705 

1-682 

Kaolinite . 

1 -r 

>63 

Kyanite 

1-729 

1-717 

Labradorite 

1-555 

Lepidolite 

1-60 

Leucite 

1-508 

Microoline 

1-526 

1-519 

Monazite . 

1-841 

1-796 

Muscovite 

1-001 

1-563 

Nepheline 

1-543 

Oligoclas© 

1-544 

Olivine 

1-689 

1-654 

Opal . 

1-45 

Orthoclase 

1-525 

1-519 

Phlogopite 

1-60 

Pyrophyllite 

1 -57 

Quartz 

1-553 

1-544 

Rutile 

2-903 

2-616 

Serpentine 

1-57 

Sillirnanite 

1-682 

1-660 

Sodalite 

1-48 

Spinel 

1-72 

Staurolite 

1-746 

1-736 

Strontianito 

1-52 

Titanite 

2-008 

1-899 

Topaz 

1-627 

1-618 

Tourmaline 

1-64 

1-62 

Tridymite 

1-477 

Xenotime . 

1-816 

1-721 

Zircon 

i 

1-993 

1-931 


Anatas© 
Andalusite 
Albite 
Andesine . 
Anorthite . 
Apatite 
Augite 
Barytes 
Biotit© 
Brookite . 
Bytownit© 
Calcite 
Cassiterite 
Celestite , 
Chalcedony 
Chromite . 
Cordierite . 
Corundum 
Cristobalite 
Diamond 
Diopside 
Dolomite 
Enstatite 
Epidot© 
Fluorite 
Garnet 
Glaucophane 
Gypsum 
Halloysite 
Haematite 
Hornblende 


Max. 


Min. 


2-489 

1-643 1 1-632 
1-534 
1-558 
1-582 


1-638 
1-723 

1- 647 
1-6 

2- 741 

2-74 

1- 658 

2- 093 
1-631 

1-55 

Very high 
1-544 I 1-535 
1-769 I 1-760 

1- 484 

2- 42 
1-7 


1-634 

1-698 

1-636 

1- 56 

2- 583 

1-486 

1-997 

1-622 


1-682 

1-67 

1-746 


1-503 

1-66 

1-714 


1-434 

High 

1-639 1 1-621 
1-53 
1-53 

3-22 1 2-94 


Minerals winch do not turn the ray of light to any appreciable extent are termed isotropic. 


Some minerals are double refracting, i.e. they turn a ray of 
white light through several different angles, so that the rays are 
termed ordinary and extraordinary, or “ fast ” and '' slow ” rays. 
The maximum difference between the two rays is termed the 
birefringence of the mineral, and this value also is of use in dis- 
criminating between the constituents of sand. 
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Hardness. — The hardness of a sand as a whole cannot be 
expressed by a simple figure, as it depends on the constituent 
minerals present. A knowledge of the hardness or durability of 
sands under abrasion is chiefly required where the sand is to be 
used for abrasive purposes, in which case the information desired 
is usually 

(i.) What is the hardest mineral present ? 

(ii.) In what proportion does it occur ? 

The abrasive action of a sand upon some other material will be 
equal to that of the hardest constituent, but unless the hardest 
constituent is the predominating one it may be undesirable. Thus, 
a soft abrasive containing some hard particles would be useless, 
as the soft abrasive would polish, whilst the harder particles would 
scratch. If the effect of the hard particles is desired, the softer 
particles are useless, and a sand containing a much larger proportion 
of the useful particles should be employed. The hardness of a 
sand must, therefore, be expressed partly as the hardness of the 
predominant constituent and partly as that of the hardest material 
present. By knov/ing these figures, and also the proportions of 
any softer minerals which may be present to a noteworthy extent, 
it is possible to determine the usefulness of a sand as an abrasive. 
Most sands consist of quartz grains which have a hardness of 7, 
according to Mohs’ scale. Felspar is slightly less hard than quartz 
and is equivalent to 6 in Mohs’ scale. The average hardness of 
most sands is 6-7. The presence of other minerals may accentuate 
or diminish the usefulness of a sand as an abrasive. Table XXXV. 
shows the hardness of the principal minerals likely to occur in 


Table XXXV. — Hardness of Minerals (based on Mohs’ scale) 


Anatase 

Hardness. 

5*5-6 

Felspar . 

Hardness. 

. 6 

Opal 

Hardness. 

6 

AndalusLte 

7*5 

Fluorspar 

. 4 

Orthoclase 

6 

Apatite . 

5 

Garnet 

. 7 

Phlogopite 

2*5 

Augite . 

5*5 

Glauconite 

. 2 

Plagioclase 

6 

Barytes 

2*5-:h5 

Glaucophane 
Gypsum . 

6-6*5 

Pyrites . 

6*5 

Beryl 

7*5 

2 

Quartz . 

7 

Biotite . 

2*5 

Haematite 

6 

Rutile . 

6*5 

Brookite 

5*5-6 

Hornblende 

. 5*5 

Serpentine 

4 

Calcite . 

3 

Hypersthene 

5*5 

Siderite 

3*5-4*5 

Cassiterite 

6*5 

Ilmenite . 

. 5*5 

Sillimanite 

6-7 

Celestine 

3*5 

Kaolinite 

. 2-2*5 

Sphene . 

5-5*5 

Chalcedony 

7 

Kyanite . 

. 5-7 

Spinel . 

8 

Chromite 

6 

Lepidolite 

, 2*5 

Staurolite 

7*5 

Columbite 

6 

Limoni te 

. 5*5 

Titanite 

5-5 

Cordierite 

7*5 

Magnetite 

. 5 

Topaz . 

8 

Corundum 

9 

Microcline 

6 

Tourmaline 

7*5 

Diamond 

10 

Monazito 

. 5*5 

Tremolite 

5*5 

Dolomite 

3*5 

Muscovite 

. 2*5 

Wolframite 

5*5 

Enstatito 

5*5 

Nepheline 

5*5 

Xenotime 

4*5 

Epidote 

6*5 

Olivine . 

. 6-5 

Zircon . 

7*5 


VOL. I 
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sands, so that their effect on any particular sand may be readily 
found by determining the proportion of each mineral impurity 
present and then referring to its hardness in the table. 

If a mineral having a desired hardness occurs in a sand to a 
sufficient extent, it may be preferable to separate it from the 
other constituents and to use it in a more concentrated state. 
For this reason garnet, corundum, diamonds, etc., are sometimes 
separated from sands in which thejT' occur. 

Further information on the hardness of sands will be found in 
Vol. II. Chapter XIII. 

Texture. — The texture of a sand is a very important property 
and one on which its value largely depends. Sands in general 
consist of a mass of small irregular grains of various sizes aggregated 
more or less closely together. The state of aggregation varies 
considerably with the situation and the various weathering actions, 
etc., to which the sand has be^en exposed. Thus, a sand may be 
loose and incoherent, the particles being quite separate, as in dry 
wind-blown sands, such as desert and dune sands. Where a quantity 
of clayey matter is present the sand may be slightly coherent, 
forming an earthy mass. Where the sand is partially cemented, 
yet still easily reduced to a powder, it may be termed pulverulent 
or friable according to the coherence of the particles. Where a 
sand has been more completely consolidated into a sandstone or 
sand rock it may be termed compact, flinty, sJialy, or foliated, 
according to its structure. 

In some cases, the entrance of limonite and other impurities 
causes the formation of crusts or hard masses in a sand deposit ; 
these may form a rusty network of '' chunks,” nodules, strips, 
or layers which may seriously interfere with the quality and winning 
of the sand. Such concretionary lumps are common in some 
calcareous sands. 

The proportion of grains of various sizes is of great importance 
in the use of sands, and a knowledge of the various grades present 
and the proportions of each is essential to the proper use of the 
material. In agriculture a knowledge of the coarseness of the 
sand grains in the soil is of great value, whilst in the filtration of 
water through sand-beds the grading of the sand has a great 
influence on the capacity of the filter — a matter of utmost import- 
ance. In brick-making, foundry practice, glass-making, and many 
other industries a knowledge of the grading of the sand is necessary. 

The grading of loose detrital particles may be to various 
classifications. Table XXXVI. shows three standards which have 
been adopted by different workers. 

These classifications are similar to one another and there is 
little to choose between them. In order to save confusion, however, 
it is best when expressing the results of a mechanical analysis 
of a sand to state what standard is adopted for each particular 
term, such as coarse sand,” “ fine sand,” etc. ; if this is not 
definitely stated, difficulties may arise. 
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Table XXXVI. — Classification- of Grains 


Term Applied. 

Size of Particles in mm. 

Mellor. 

Boswell, 

Seger. 

Gravel .... 

1-27-12-7 

Over 2 


Very coarse sand . 


1-2 


Coarse sand 

0-107-1-27 

0-5-1 

Over 0-33 

Medium sand . 


0-25-0-5 


Fine sand * . . . 

0-063-0-107 

0-1-0-25 

0-04-0-33 

Superfine sand 


0-05-0-1 

0-025-0-04 

Silt 

0-01-0-063 

0-01-0-05 

0-01-0-025 

“ Clay ” or “ Dust ” f . 

Less than 0-01 

Less than 0-01 

Less than 0-01 


♦ Mellor uses the term “grit,” which implies an migular material, so that “fine sand " 
is preferable, especially as “ grit ” is a definite geological term with another significance. 

t The terra “ dust ” suggested by Mellor is preferable to Seger’s terra “ clay substance “ 
or Boswell’s “ clay grade,” as the residue usually contains other substances besides clay. 

It is very convenient to have some simple means of expressing 
the coarseness or fineness of sands so that different samples can 
be compared readily. Various methods have been suggested for 
doing this. An ingenious method suggested by W. Jackson 
consists in finding a “ surface factor ” for each sand which serves 
as a basis of comparison. This factor is a single number based 
on the average surface of the particles, and depends on the fact 
that the finer the particles the greater the surface of the whole 
unit mass. The average diameter of such small particles may 
be found for particles less than 0-33 mm. diameter by multiplying 
the weight of the fraction whose extreme diameters are 

mm. nim. 

0 to 0-010 by 3367 
O-OlO to 0-025 „ 962 
0-025 to 0-040 „ 518 
0-040 to 0-330 „ 91 

adding all the products together and dividing by 100. Thus, if a 
sand contained the following sized particles. 


mm. mm. 


0 to 0-010 . 

4-5 

0-010 to 0-025 . 

. 10-3 

0-025 to 0-040 . 

3-0 

0-040 to 0-330 . 

. 82-2 


100-0 


Jackson’s surface factor ” is 1014, which is found as follows : 

4-5x3367= 15151-5 
10-3 X 962= 9908-6 

3-Ox 518= 1554-0 

82-2 X 91 = 74802-0 


101416-1 
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which, divided by 100, gives 1014. A finer sample would give a 
larger surface factor, and a coarser sample would give a smaller 
one. For larger sizes of particles the same principle may be applied, 
though it is not so accurate. Thus, the following factors may 
be used : 


Passing through a JSTo. 30 sieve 
„ „ 25 „ 

„ „ 12 „ 

» „ 5 „ 


Average 
Diameter. 
0-4 mm. 

0- 5 „ 

1 - 0 „ 
2-5 ,, 


Factor. 

45 

36 

23 

9 


Thus, a washed sand consisting of 


Particles. 

Per Cent. 

1 -0 — 2*5 mm. 

. 10 

0-5— 1-0 „ 

. 82 

0-4— 0*5 ,, 

8 


100 


will give 

lOx 9= 90 

82x 23 = 1886 
8x36= 288 

2264 


and would have a surface factor of only 22*6. 

In English measure, the factors are as shown in Table XXXVII. 

Table XXXVII.— •Surface Factors * 



Sieve. 

Diameter of Particles. 

Nature. 

Factor. 

A 

On Sieve No. 1 .... 

Above 0*5 in. 

Stones 

Nil. 

B 

Between Sieves Nos. land 10 . 

„ 0-05 -0-5 in. 

Gravel 

0-27 

C 

„ „ 10 „ 50 . 

„ 0-01 -0*05 in. 

Coarse .sand 

2-6 

D 

» „ 50 „ 100 . 

„ 0-005 -0-01 in. 

Medium sand 

13-2 

E 

„ „ 100 „ 200 . 

„ 0-0025-0 -005 in. 

Fine sand 

22-6 

F 

,, „ 200 „ washing 

„ 0-0004-0-0025 in. 

Silt 

53-9 

G 

Washed out by a stream 0-43 in. 
per minute 

Below 0-0004 in. 

Clay and dust 

359-0 


* The sieves in this table are standard sieves in which the diameter of the wires exactly 
equals that of the apertures. 


If the weight of each fraction be represented by the letters in 
the first column in the above table, the sxirface factor is 

0-27B +2-6C + 13-2D 4-22-6E + 53-9F +359G. 

The figures in Table XXXVIII. show the surface factor of 
several well-known sands in accordance with the factors in Table 
XXXVII, 
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Table XXXVIll. — Sueface I’actobs of Mouldins Sands 


Sand. 

A. 

B. 

c. 

I). 

E. 

F. 

G. 

Surface 

Factor. 

Medium Erith 


()-03 

1-19 

0-34 

42*74 

28*52 

27*17 

12,205 

Fine Mansfield . 



1*50 

3-92 

40*03 

31*73 

22*21 

10,657 

Coarse Mansfield 

0-01 

0-74 

3-36 

18*42 

67*17 

6*49 

3*81 

3,497 

Stourbridge 


0-22 

5-36 

18*93 

54*76 

14*04 

0*08 

4,472 


This method is generally accurate enough for most purposes, 
but Mellor has shown that the arithmetical mean of the limiting 
diameters is not the true average diameter of the fractions and that 
a truer value is 


Average diameter = 


’(D+CZ) (1)2 +(^2)^ 
4 


where D is the maximum diameter and d is the minimum diameter 
in any given fraction. 

He has also suggested that the surface factor should be calculated 
from the formula 


6/W, W, W, 
S V fZi 


•) 


where S denotes the mean specific gravity of the powder, 
Wj, Wg, Wg, . . . the respective weights of the fractions, 1, 2, 3, . . . 
per unit weight of powder (commencing at the finest), and 
corresponding average diameters of the grains 
in the respective fractions. 

A method adopted by the American Foundrymen’s Association 
for expressing the relative fineness of sands consists in multiplying 
the weight of sand passing through each mesh and being retained 
by the next smaller mesh, by the number of the mesh, and dividing 
the sum of these products by 100. Thus, suppose a sand consists of 


Over 20 -mesh 

. 2*8 

20-40 

. 40*0 

40-60 

. 27*2 

60-80 

9*6 

80-100 

Less than 100-mosh . 

4*8 

. 15*6 


100*0 


the calculations would be as follows : 
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vvliit’h, by 100, uiv(‘s 44-()S. Tins nH'tlHui is siinpb‘. 

fuul is saiisfa.ciory for most, ptirposos, for, ilamydi tho iii^uras 
f)l)taJri(*(I do not a-irro{‘ wiili those, of oihca* methods, they are 
t)jira.bl(* ajnont?: tli<‘ms<*Ives. 


0-4 M 


Kiii, 10. l''i*ret.H iriitai^amr diiigraia. 

Anothi*r ineihod of n^pnmfmtiny: the* mec’harnoal e’ompositieat 
of Hands, proposed by hVreid shenvn in Fii^. 10. M. Feret 
Bopa.ratc‘H tlic? sarul to Ik^ t4iHt4*d into tlnas* grades as hdlows: 

(jfiMlc. I^rftrrirtlun 

Largo {(#) passing through 5 rruii. (0*2 in.) iifdos nr appn>\iuiatoly a-ine«h. 

retain<sl by 2 ,♦ {0‘()70iii.) ,, ,, ifi-niosh. 

Modiuin (M) i)assing ihrougli 2 ,, {(ettTOin. ) ,, ir».iii(\Hh. 

rotainoii t>y 0*5 „ (0*020 in.) ,, ,, 4ILiuoHh. 

Fine (F) paHsiug through 0-5 „ {0‘02tHri.) ,♦ „ 40»nioHh. 


Hci calcaihited th(? j)eret*ntag(j of ea<*h sand as a pn»portton of i 
and plotttnl the*, c’onipemition of the; sand <m a iriangtilar diagram 
as shown in Fig. 10. 

* ^ M. AmudcH den el (^haumim* IH90. 
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In this triani(h‘ a s(‘ri(*H oF lines is drawn pai’allel in «‘arlj side, 
and (‘a(’h side tiuiy h(‘ used in t.iirn to indicate tiie pn»|i(irtinn n! 
partieh’s of (‘aeli ;^rad{‘. d'hus, a. sand eomposed ol 

is |u‘r of r(»ar-4«' irruia.'? f^nelo <*) 

.‘Ja riu'diurn aoiiiis M ) 

I 7 file* ^ruije; (anelf K) 

woulfi he n‘presen!«‘d hy th(‘ f)oint. d (Ki.^- 1*M- p<)int is 

taknn to r(‘present a sand eoin[)osed wiiolly <»!' |.(ra(h‘ U, so that-, 
starting with the line FM as a base and f)roe(*edin^ towards (L thc^ 
point- i’(‘pres<*nt inii; 4S p(‘r eent* of ^'■rade O niust* lie* sornevOien* 
f)(‘tw(‘en the liin* 0*4 ( t. and t >4» I*', aia 1 1 h(‘ line* < bo ( t .4 )'5 h\ Similarly, 

SAND -X--- SILT— - 


GRADE SIZES (diameter 

Faa n. fiM?nv#4l’i4 ta’iahri^ ]y[mph. 

th(‘ p«ant repri'SfUitimi: Jio per eent of grade M nnist be fietween 
the* linelMrib tb i M. ami t he* line tb7 < L tbTi M.; and the [joint repn* 
Henting 17 per eent of grade h’niUHt lie Ijetweem the* lines tb I V, tb'J Al. 
ainl tb2 F.tbH.AI. The single point *4 w liieh fullils all these’ eaai 
fiitioiiH repH'sents the granidoiiMttrie (’otnp<JHiti<jn (jf tiio sand. 

A very eejiivenieni method by means of whieli the eoarsmie o 
fjr rmeiK’HH of diflerent- sands ean be eomparecl is lha.t ad<jpied 
by Roswell, in whieh tin* limits of grmie FvAr are marked off in a 
gni[jh hcji'i'/ontally ns nbseissae ([»r<j[>ort ionally to tiie logarit hm;-s 
of tile difuneters of the piirtiel(*s|, unci the etnmdative pereenl.age 
wididiis *' of the grades vertieaJly ns ordinnb’s. liy tiiis metJiod 
grii|jiiH are obtained similar to those shown in Fig, II, A sand 
in which all the grains are (»f uniform sr/i* would, be repreaefifed 
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by a vertical line, such as AB, in which all the particles are 2*0 mm. 
diameter, CD would represent a sand with particles all 0*25 mm. 
diameter,* EF a silt having all the grains 0*045 mm. diameter, 
and GH a '' clay” with all the grains 0*005 mm. diameter. Such 
compositions are not found in nature, but their typical positions 
are shown. The curve TU represents a sand, from K3mance Cove, 
Cornwall, in which the grain size is very uniform, but not entirely 
so. The curve PFX is a loam or a mixture of sand and clay, and 
is, consequently, much flatter, whilst the glacial clay YZ is even 
more so. A comparison of curves of sands produced in this way 
readily shows their general characteristics in a very convenient 
manner. ‘ 

’’duller plots the mechanical analyses of sands on a graph in 



0'05 O10 0'15 0*2.0 IN. 

Fig, 12. — Fuller’s grading graph. 


which the percentages of particles are marked on the abscissae and 
the sizes of the grains in inches on the ordinates. He found that 
the graph of a perfectly graded sand was in the form of a parabola 
constructed according to the formula 


10 , 000 ’ 

where D is the largest diameter of particles, d is any given 
diameter, and P is the percentage of the mixture smaller than d. 
Fig. 12 shows the graphs of three sands plotted in this manner, 
including a perfectly graded mixture. 

In most sands, the particles of heavy minerals are smaller than 
the average quartz and felspar grains, as the speed of the wind 
or water required to move a quartz grain of a certain size will not 
move a heavy mineral grain of the same size. Consequently, sands 
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and similar deposits contain a larger proportion of heavy mineral 
grains among the finer grades of sand. In the dune sand of the 
Balgownie Links, near Aberdeen, Boswell found that practically 
the whole of the heavy minerals are contained in the fine sand, 
these heavy mineral grains varying from 0*1 mm. to 0*25 mm., 
whilst the size of the quartz grains is from 0*25 mm. to 1 mm. 
According to Gilligan, almost the whole of the heavy minerals 
in the Millstone Grit will pass through a 90-mesh sieve. 

The mica grains present in sands are usually much larger than 
the average size of the heavy minerals present, *^on account of their 
flaky nature which enables larger fragments to be carried by wind 
or water than would be the case if the grains were more compact, 
as are those of the heavy minerals present. The mass of the mica 
grains is, however, generally less than that of the more compact 
minerals. 

Table XXXIX., due to Boswell, shows the size of the mica 
grains in various sands compared with the size of the heavy minerals 
present. 

Table XXXIX. — Sizes of Mica and Heavy Mineral Grains 



Mu.scovite. 

other Heavy 
Minerals. 


Mm. 

Mm. 

Biinter Pebble Bed 

0-5 

0-25 

Yeovil Sands 

0*25 

0-06 

Lower Greensand 

0d>0 

0-25 

Thanet Sand 

0*15 

0-04 

Claygate Beds 

0'15 

0-05 

Cray Boxstones . 

0-55 

0-20 

Lenham Bods 

0*40 

0*20 


The relative fineness of the various sands used in this country 
has not been investigated to any great extent and there is com- 
paratively little information available. Some of the best investiga- 
tions which have been carried out as yet have been made by 
P. G. H. Boswell, with a view to determining the use of sands for 
glass-making and other purposes. 

Further information as to the grading of particular sands will 
be found in later chapters. 

The shape of the grains in a sand may vary from sharp angular 
forms which have not been abraded to any great extent, to highly 
abraded and fully rounded grains. Sorby has classified sands into 
the following grades with reference to the shape of the grains 
present : 

1 .. Fresh angular grains derived from the breaking up of granitic 
or schistose rocks (Fig. 13) and the slightly less angular 
fragments often known as sub-angular ’’ grains (Fig. 14). 
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2. Well-worn sand in rounded grains, the original angles being 

completely lost (Fig. 15). 

3. Sand having the grains chemically corroded so as to produce 

a peculiar texture, different from that of worn grains of 
crystals. 

4. Sand with a perfect crystalline outline (Fig. 16). 



Sands which have been produced by the simple disintegration 
of rocks in situ, or which have not been moved to any great extent, 
generally consist of sharp angular grains if the rock from which 



Pig. 15. — Rounded grains. 



Fig. 16. — Crystalline grains. 


they have been formed consists of such grains cemented together. 
If the rock from which they have been formed consists of rounded 
frrains, the sand will likewise consist of rounded grains, but sand 
iduced by the disintegration of igneous and metamorphic rocks 
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usually consist of sliai’p anoular trains. <ila<*ial .-aiHls .nr u uall\ 
(juitc sharp and anynilar. Tliis is due l(» (lie fad fhal tie* ahradon 
to wliich they ar*<* sid)j(‘otcd is niorf* in tin* tiaitire of slidin^r tfjan 
rollin.i^. t-iiat tiadr an‘^nlar outlines h*nd to lx* j>r<*.^or\ cd . 

Sands which are suhjeetaai t<» continual attrition 1»\' Irafisportjt 
t^’on from place t<j pla<*c Lu*adually lose theii' antiidar forms, the 
corners heeomino uorn and foranin.ir suh aniudar, oi’ c\efi round 
|i;rains. d’h(‘ <*xte!it to uhi(di tin* LU’ains ar“(‘ r'<uinded i . a i/ood 
indicatiori oi the ext^uit to uliich they ha\e hcen ..uhjoefed to 
abrasion. 

Soin«*t inics jirains ot sand ma\ he rounded to .some rxtctjf. and 
th(‘n (’(‘incntcd into a solid stone fw tin* iidiltration of a cementine 
m(‘dinm sn(‘h as lime, irori compounds, etc., the stone heine alter' 
wai'ds hrok(‘n up, and tin* resnlline ci'ains atrain .Hnhj»*cte<i to 
ahrasiorn thus catisintf lurthcr’ r(»undin</. Hence, the laaunliny 
oi tin* LU’ains ma\” eontinm* tlu’onydi vai'iruis acoloi/jeal period^ 
until the ani^nla I'it is ent irely h».st. ddte sand fonml in omr 
pot hole.s, whei'e it has been eontinually abraded for* a \t*ry loui/ 
p(*riod of tinn* withont hein^^ aide to eseafre, is ver\ much rrmndc*! 
in this wa\-. 

Some miner’als, ev(‘n after prolonged abrasion, do not iicapnre 
rounded outlines. Thus, mica splits int(» thirr laminae or fialo-e 
fmt? neva*r forms rounded uraiu'. t)ther mineral’i lui\e defiuifr 
ci(*a.va|.t<* planc.s and tend to hr(‘ak into [rariiele* of smaller’ :a/e, 
hull always I'etairdri^ art arijiular iorrm t'.dc,Hj»ar is a tvpiral 
(‘xample rtf this, (fri'anic shell r<*niairis, e\ert after* Irtnc emdimted 
at-trition, also n*taiii their aityorlar ontlinc.s, 

iSoinr* ar’e(*ssrtrv‘ mini'rals are “ inc‘{ud<*rl ” in rpiart/, ifratrt s 
durinj4 pari of their journey, and are proteeted fiy tin* amromnliun 
(piart/, ainl srt are less rouud<‘d than similar LU'aina whir'h fiave hr rut 
exprtsed fra* the saiin* time to ahradirn^ ar'tious 

Ilir* rlecrer* of ratundini^ whir’h sand yi'ain > }trni<’?r,oi depertrl ^ 
on tin* follrtwinir eouditious : the volniite <tf iho ii.artiele ; |/p jt ^ 

H|Hn-ifie I4i*avit\ , HH : (r| the df^tancr* tr*a veiled, f); p/| the vehxil} 
of iuo\<*in«'itt , \ ; anrf (/ 1 jf.H hardur*ss. Tin* auntfiut. rtf ronudiUf.' 
fry wind ar-tioii luav fte f'air*ulateri l»y the h tlh ovitt|.*' for’uuda 

\ rdunir* ' S(i If 
Har’riii 

and that htr watr*r ar-lion by tin* folhtwints 

\ rdunie - (Sc; 1 1 . // . /• 

llaninr-MH 

Tint most mpirl cause of the rrttujrliuLf of nanci tu’ains is when tlnw 
ar*(^ earri(*d by wind, an in tin* for‘uiati<»n '»f df*''-iert^ .-at in I " 3 ,, TIi*- 
partii’les cstinposini.^ .sur’h Hands an* r'ont iniially eoiruutf infot vn4*-iif 
c'ontaet with eaf*h other, anil witJi rtther r’oeks, nrn! arr* rapifili 
roundial, forruini^ a rd!ara.r'terist ir* t\pe ferrrnsl " milltd seed “ ssuel 
on lU'r'Otint: of the perfeet routidiue r»f' tire r.n’aifis. 
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Some of the Bunter sands of Lancashire and Cheshire flow 
through the fingers like shot. These sands have probably been 
formed on a Triassic desert. 

The grains of dune sands along the sea coasts are not so rounded 
as desert sands, as, although they have been accumulated by the 
action of the wind, the abrasion has not been sufficiently prolonged 
to cause very much rounding of the particles. The difference 
between the roundness of the grains of sand formed in water and in 
aeolian dej^osits is well shown in Table XL., by Dr. Mackie. 


Table XL. — Rounding of Grains 




Percentage of Grains. 



Angular. 

Sub -angular. 

Hounded. 


' River sand from crystalline 
rocks. River Spey 

Nearly all 

Few 


Water ^ 

' Beuth sand near mouth of Spey 

1 (Lossiemouth) 

35 

42 

23 


Garnetiferous black shore sand 

1 (Macduh) .... 

48* 

23 

29 


( Dune sands (Cublin) 

20 

30 

50 

U 1 

air 1 

Reptiliferous sandstone, Tri- 
[ assic 

5 

19 

76 


♦ Due to the presence of gurnet. 


The relation between the amount of rounding sustained by water 
and air action may be expressed by the formula 

SGxDxV_ 
r (SG - 1 j X cl XV 

w^here R equals rounding by wind action, r equals rounding by 
vrater action, SG equals specific gravity of material, D equals 
distance travelled in air, V equals velocity in air, v equals velocity 
in water, cl equals distance travelled in water. 

The apparent specific gravity of a particle in air is always greater 
than that in water, and the velocity of movement is also much 
higher. The distance travelled by the grains is very difficult to 
estimate, as in air they may be carried for great distances, whilst 
in water the cumulative effect of many rollings backwards and 
forwards, or of short swirls, may exceed the effect of a great distance 
travelled by wind-blown grains. The smallest grains of sand 
formed in rivers and seas are much less rounded than the larger 
ones, as the former are more buoyant and are held longer in suspen- 
sion, so that they are not exposed to the same amount of attrition 
as the heavier grains which remain at the bottom. Another reason 
for the less rounding of small grains of sand, especially when they 
are in water, is that a film of water protects each grain from impact. 
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In air the size at which no further rounding takes place is far 
smaller than in water, though its actual limits are not definitely 
known. According to Holmes, the smallest rounded aeolian 
particles are between 0*03 and 0*04 mm. in diameter, whilst the 
smallest water -worn particle recorded is 0*5 mm. 

The rounding of grains of other minerals may also depend on 
the frequency with which they come into contact with grains as 
hard as, or harder than, themselves. If such occurrences are 
infrequent, the grains tend to remain angular. 

The extent of rounding of the grains varies also according to 
the nature of the material composing the grain. They may be 
angular as a result of their hardness, or because they have not been 
weathered to any great extent, or they may be of aeolian origin. 
On the other hand, they may be rounded to a greater or less extent 
as a result of water action or on account of their softness. 

The shapes and sizes of grains in a sand are very important 
for some purposes, and whilst grains of certain sizes may be very 
desirable in some industries, they may be quite unsuitable in others. 
Thus, for building purposes, a clean sharp sand with grains of many 
sizes is desirable, rounded grains being of little value, but for glass- 
making a uniform round-grained sand is most valuable. The 
particular characteristics of sands for special purposes are described 
in Vol, II. under the various industries for which they are used. 

Specific Gravity. — The specific gravity of a sand is the average 
weight of its particles considered separately, relative to that of an 
equal volume of water. The use of the term “ specific gravity ” 
is restricted to that of the grains themselves and does not take 
into account the air-spaces between the particles. A figure which 
relates to a mass of sand and includes the air-spaces is termed 
the “ apparent specific gravity ’’ or volume-weight.” 

The specific gravity of a pure quartzose sand is equal to that 
of quartz, namely 2*65, but the presence of other minerals may 
change this to a greater or less extent, according to the amount 
of impurity present and the specific gravities of the various con- 
stituents. Usually, the specific gravity of ordinary sands is between 
2*5 and 2*7. 

Siliceous sands containing silica in forms other than cjuartz 
may have a less specific gravity, as shown below : 


Si)ccific Gravity. 

Quartz sand . . . 2-651 

Geyserite . . . . 2-651 

Fliiit 2-632 

Chalcedony . . . 2-607 


Density is a term which is often used very loosely in connection 
with sand. Strictly speaking, it relates to the specific gravity of 
the particles forming the mass, but it is occasionally used to indicate 
impermeability, a sample of sand being, in this sense, said to be 
dense because air or water will not penetrate easily into it. 
Occasionally, the term density is used as distinct from specific 
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|j;raA’ii,y (■<> indicate the n‘Ia1i\c wciudit nf the uln»Ic lua^s. and lad. 
that- of (‘ach particle considered separat(*ly. or the a\f*raiic of all 
Mindi part.icl<‘s. In tins sense, the density tdiaimes with the treat- 
ni<‘nt- und(‘i;eon(‘ hy the santl, widlst tfi(‘ specific trinity reirudtis 
constant, it is far better in sin-h cases to employ the term voliune- 
w(‘i^dit, as, ait-hoiiydi tliis is nioi*c cnmherscmaa it indicates nif>n‘ 
ci(‘a.rl\’ th(‘ {iH‘anin‘4 of the fiLOire, the weiifht of a mass of 
a.sc(‘rt>ain<‘d x'olunan that of an <*(pnal \ohune of water fnaniz taken 
as unity. volume- u<*iidit of sands is nsuallv alamt I •!!. hut 

vai-i(^s according t-o the sizes of the particles and the extent !<* whieli 
tli(‘ mass has been compressed. 

Weight, ddie ueiLdil per eiiltie foot of sand varies aeetu’ding 
to t}K‘. natnn^ of the min(*rals it contains, the size and shape of the 
particles, and the pressnn*, if any, to which the mass has been 

su hj(s*t(‘d. On aai average, I cubic foot of htosely heaped sanci 

will w(‘i^h 120 ih., hut this li^mn* is of Luneral rather' than particular 
a-pplieai i(m. For <‘xamph*, the folhuvinir figures were obtained 
with typical sands from tlirer* rlilTerent s(»urees: 

I b V«M‘ . illid . . . IlHlIi. jH’i' rii. fi. 

Huud .... Ini! ,, 

'I’hamrs Haa«l . . . in.’J ,, ,, 

Sand eontainim4 moistun* has a smalh*r w<*i|i;hf per erdne foot 
tJian dry sand, as (au'h g^rnin t»f sand coated wiili a thin lilm of 
vvat-m* has a- slightly greatm* volume tliun that of lire dry graiiiK. 
This deereasr^ in weight is sp<‘eially nolieeiihje in the ease of fine 
saml, as it has a- greater capacity for receiving films of water on 
ace-ount- of the great «*r surfaeo area of tin* grains ndiitive to their 
mass. As the size of the gn'ain- iner’<*as(‘s, t fre dilTerenee in weiglit 
is l(*ss an<l hsss marked, until with partieles of gravel I im or more 
in diameter t h(‘ efTetd is prasdieally nil. 

V'ery wid sand may weigh more than the* same volunn* of the 
Sana*, sand wlnn ordy slightly m<»i.stene<i, as tin* <*xeeHH id water 
will (M*eupy the intcu’.st i<-es between tin* par1 tries whieh Wfudd 
ot.h(‘rwiH(* h(‘ ftllisl with air. dliis may easily he shown by woigliing 
a Ihjx filled with <iry sjtmh and then |ionring in as imieh %vater as 
fh(^ sand will ahsorlt witlamt any appreeiahle inerease in \olnme, 
and thcai n‘”Weig!ting it. On allowing siieh a wnt mass lo ilntiin 
tin* excc‘Hs of water will nin away, h*avirtg a. moist manH witieh has 
a slightly 1(‘HH wtaglit pt*r euhic' foot titan the* Hiiine saml wlten 
dry. efbad. of water in inereasiitg the voltma* of a siiml attd, 

(ammu|U(‘nt.ly, of d(‘er(‘aHing its vtihiinewveighf has been investigated 
by FulUa’, who found that the* maximtim %‘olume is attained with 
aitotit b |)(‘r c(nt of moistun*. 

Porosity.— t(*rm ‘'porosity'" is HomtdiineH I'onfiised with 
permeability, hut this shotdd he avoidc*el, a,ttd the term porosity 
eonlimal to tiu* |)ntportion of -pores, voids, m* inters! tees in ii mass 
of sand. Th(\s(i por<*s are th(^ Hpae(*.s {usually filled with iiir) between 
the solid pariich's, the porosity ai a suiid va,rying wifi'i tlie size itnd 
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shape of the particles of which it is composed. Sands with the 
greatest porosity are those composed of moderately large and 
wholly rounded grains, as sharp and angular particles interlock 
and so give less pore-space than those which have rounded outlines. 
Sands composed of particles of several different sizes will be less 
porous than those containing only one size, as the smaller particles 
occupy some of the spaces beWeen the larger ones which would 
otherwise be empty. 

The porosity of a sand will also vary according to the extent 
to which it has been compressed, and the lower portion of a heap, 
or deep bed of sand, will be less porous than the upper portion on 
account of the pressure being greater at a greater depth. Hence, 
a sample of sand as received at a laboratory is not a reliable guide 
as to its porosity, either in the original deposit or in actual use. 

Porosity may be expressed in either of two ways : 

(а) As a percentage by weight, which is an indirect and somewhat 
misleading expression, as it really indicates the weight of water 
absorbed by one hundred units of weight of sand. Thus, a sand 
is said to have a porosity of 37-7 per cent by weight, if 100 lb. of 
the sand absorb 37*7 lb. of water. 

(б) As a percentage by vohime, which is a much more rational 
expression, as it indicates the relation of the volume of the pores to 
the volume of the whole mass. Thus, a sand having a porosity of 50 
per cent by volume contains equal measures of air-spaces and sand. 

The relation of the percentage by weight to that by volume 
may be found by the following formula : 

_ 100 P. 

^"“■(lOO-P.)S' 

where equals the porosity per cent by weight, P^ equals the 
porosity per cent by volume, and S equals the specific gravity 
of the sand. 


This is further shown by the following example : 

A sand having a porosity of 50 per cent by volume contains 
50 c.c. of air, 

50 c.c. of solid sand. 

Now 50 c.c. of air would be occupied by 50 g. of water. 

50 c.c. of solid sand would be occupied by 50 x 2-65 = 132-5 g. of sand. 
But a sample of sand weighing 132-5 g. and absorbing 50 g. of water in its 
pores would have a porosity by weight of 

50 X 100-^132-5 =37-7 per cent by weight. 

In other words, if —50 and S =2-65, 


100 X 50 

■^"'”“(100-50) 2-65 


= 37-7. 


When estimating the porosity of a sand, as large a sample as 
possible should be used, and prior to testing it should be rammed, 
compressed, or otherwise treated so as to bring it as nearly as 
possible to the condition in which it will be used ; otherwise serious 
discrepancies may occur. 
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Permeability is the facility with which gases and liquids pass 
through a material. The permeability of sands to liquids and 
gases is an important property where sands are used for filters, 
moulding, etc. It depends chiefly on the size and shape of the 
particles and on the amount of clayey matter present. The most 
permeable sands are those with rounded grains of uniform and 
moderately large size, and with the smallest possible percentage 
of clay. The presence of angular particles, small grains, or clay 
reduces the permeabihty roughly in proportion to the amount 
present. 

Magnetic Properties. — ^The magnetic properties of sands depend 
very largely on the nature of the constituent grains. A pure 
quartzose sand is non-magnetic, as the constituent grains of quartz 
are not attracted by a magnet. Some of the impurities in sands 
are, however, magnetic to varying extents. Table XLI. shows the 
relative magnetic powers of some of the principal minerals found in 
sands. 

Table XLI. — Magnetic Properties of Minerals 


Highly Magnetic. 

Moderately 

Magnetic. 

Feebly 

Magnetic. 

Almost Xon-magnetic. 

Magnetite. 

Titanoferrite. 

Ilmenite. 

Pyrrhotite. 

Haematite. 

Hypersthene. 

Augite. 

Garnet. 

Siderite. 

Olivine. 

Hornblende. 

Chromite. 

Chlorite. 

Staurolite. 

Epidote. 

Limonite. 

Actinolite. 

Kyanite. 

Zircon. Barytes. 

Corundum. Most iron-free 
Galena. minerals. 

Fluorite. 

Pyrite. 

Cassiterite. 

Rutile. 


Electrical Conductivity. — The conductivity of sands for electricity 
varies according to the nature of the constituents present (see 
Table XLII.). 

Table XLII. — Electrical Conductivity 


Good Conductors. 

Moderate Conductors. 

Bad Conductors. 

Magnetite. 

Titaniferous magnetite. 
Magnetic haematite. 
Pyrrhotite. 

Chromite. 

Ilmenite. 

Haematite. 

Wolframite. 

Spinel. 

Ferriferous cassiterite. 
Tantalite. 

Iron pyrites. 

Gold. 

Ferriferous amphiboles 
and pyroxenes. 
Biotite. 

Tourmaline. 

Titanite. 

Rutile. 

Anatase. 

Brookite. 

Cassiterite. 

Siderite. Phlogopite. 

Xenotime. Muscovite. 
Epidote. Tremolite. 

Olivine. Apatite. 

Staurolite. Andalusite. 
Garnet. Sillimanite. 

Monazite. Fluorite. 
Gypsum. Diamond. 

Quartz. Topaz. 

Chalcedony. Spinel. 
Felspars. Kyanite. 

Calcite. Corundum. 

Dolomite. Celestite. 
Cordierite. Zircon. 
Barytes. 
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The electrical conductivity of some of the constituents of sand 
is of great value in its purification. This property is dealt with 
in greater detail in Chapter IX, 

Viscosity. — The viscosity or resistance to flow of sands is some- 
times very important. It depends on the size and shape of the 
particles. A sand consisting of angular grains will he very viscous, 
as the grains will interlock ; but a .sand consisting of rounded grains 
will flow easily, as the grains slide over each other quite readily. 
Thus, some of the Bunter sands will flow through the fingers like 
shot on account of the roundness of the particles. The viscosity 
of a sand is also dependent, to some extent, on the amount of clay 
present in it. If there is sufficient plastic clay to coat each particle 
of non-plastic material, the sand may be held together in a fairly 
strong cohesive mass, whereas if the clay were not present the sand 
would be incoherent and less viscous. Sands containing various 
proportions of clayey matter are suitable for different purposes, 
such as . moulding, whilst for other purposes, such as for use as 
building sand, the cohesion of the particles is very undesirable. 

The viscosity of a sand may be strikingly shown by fastening 
a thin piece of cigarette paper over the lower end of a long vertical 
glass tube, into which sand is then poured. The sand will not press 
with sufficient weight on to the paper to break it ; and even if 
a heavily weighted plunger is applied to the sand the paper will not 
be damaged. The viscosity of the sand and the interlocking of the 
grains create so great a horizontal pressure that the full pressure 
is not applied to the paper. 

Toughness. — The toughness of a sand depends on the proportion 
of clayey matter present, and is an important factor in some in- 
dustries, especially in foundry practice. This property is dealt with 
in greater detail in Vol. II. Chapter VI. 

Deformability. — The deformability of a sand is the force required 
to effect a definite alteration in its shape. This is dependent on 
the cohesion of the sand, and on the proportion of clay present ; 
it is an important property in moulding sands (see Vol. II. 
Chapter VI.). 

Compressive Strength. — ^The compressive strength of a sand 
depends on the size and shape of the particles and the amount 
of binding material present. Sands with angular grains will have 
a greater compressive strength than those with rounded ones, 
as the particles will interlock and flow less readily. Clay, if present, 
will bind the particles of sand together, and so increase the com- 
pressive strength to an extent corresponding roughly to the pro- 
portion of clay present. The crushing strength is least with wet 
sand, rather greater with dry sand, and greatest after the sand 
has been baked. These increases in strength are due solely to the 
corresponding changes in the clay present in the sand. 
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Refbactory Properties of Sands 

The properties of sands when heated to high temperatures are 
very important for some of the purposes for which sands are used. 

When amorphous silica is heated, it is slowly converted into the 
crystalline form. This conversion is hastened by pressure, or by 
the presence of fluxes such as sodium carbonate, fluoride, silicate, 
etc., as well as by sodium tungstate and alkali phosphates. The 
action of heat on crystalline silica (quartz) has the effect of producing 
other allotropic forms ; thus, when quartz is heated to a temperature 
of 20Q'"-275'' C. a change occurs and a-quartz is produced. On 
heating to 575° C., the a-quartz is converted into /i?-quartz. This 
change is accompanied by considerable changes in the properties 
of the quartz, and there is also, according to White, an endothermal 
reaction of 4*3 cal. gr. per gram, ^-quartz crystalhses in the 
hexagonal system, and consequently can be discriminated from, 
a-quartz when examined under polarised light. The transformation 
is reversible, and if the quartz is cooled, it is reconverted into the 
a- state, which is slightly different from the natural quartz. 

If the heating is continued above 575° C., a further change in 
allotropic form occurs and cristobalite or tridymite is produced, 
particularly at 1100°- 1300° C., though there is a considerable 
amount of uncertainty as to the conditions under which these 
two allotropic forms are produced. The rate of conversion depends 
largely on the size of the particles, as well as on the temperature 
and duration of heating, as small grains are converted into tridymite 
and cristobalite much more rapifiy than larger particles. For the 
same reason, amorphous silica is more rapidly converted than 
crystalline quartz, as the minute grains of the former are more 
easily affected by heat. 

Table XLIII.^ shows the specific gravity of various forms of 
sihca after repeated heating. The specific gravity is a reliable 
test of the amount of conversion, and it will be seen that the 
amorphous forms of vsilica attain a maximum specific gravity very 
quickly, whilst the crystalline forms invert much more slowly. 

Whilst it is possible to produce tridymite and cristobalite by 
heating quartz or free silica alone, the action is very slow ; it is 
hastened by the presence of impurities in the sand, so that the 
conversion is much more rapid in the presence of fluxes than in 
a pure quartzose sand. 

Effect of Impurities on Inversion. — Le Chatelier and B. Bogitch 
have shown that the various non-siliceous materials which increase 
the rapidity of conversion may be classified as follows : 

(i.) Molten sihcates {i.e. fusible substances which at the tempera- 
ture of heating become molten) which dissolve the quartz grains 
and cause the silica to recrystallise as tridymite at about 1200° C. 
The same substances, on prolonged heating, dissolve some of the 

^ Rieke and Endell, Sililcat-Zeitschrift, 1913, No. 2. 


Table XLIII. — Effect op Repeated Heating on Silica 


±. 




22S 


IiKKIiA(rfM)ltV I^IIOPKIiTIKS OK SANDS 


iri(Iynut(^ a.n(l (‘au.s(‘. it to rccrystallisc* at a t (‘fH|M‘rat iin? of lotK) (*. 
aH (a*ist.()l)aiit(‘. 

(ii.) OilH‘r na-tural inipuritios whit'h may not inf*it, 3'ot incToaHe 

rapidity of (*onv(‘rsion. 

(iii.) Kondi^n vapours wliicdi (lifTus(‘ int<> tho grains and so 
inrr(‘as(‘ ili(‘ rat(‘ of coinau’sion. The vapours of s(unr inm c’oni» 
pounds an^ v(‘rv ac-tiv** in this dir(‘('tion, as is shown f>y th(‘ action 
of flue-dust, upon sili('(‘ous niattu'ials. 

'rh(‘ Jiction of inoltt*n niatiU’iais in hastening: the eouv<‘r.sion 
d(‘p(‘nds lo sonu‘ (‘xttuit on the*, viseosity of the- licjuid. ddu* inon^ 
viseous th(‘ molten material the siowtu* is the r(‘aetion, whilst, 
(umv<‘rs(‘ly, a. vauy fluid licjuid inen‘as(*s th(‘ veltHuty of the omi- 
vau'sion. For this r(‘asom molt«‘n (*aleium silieates, whieli arii 
(‘Xt.r<‘m(’ly inol>il(*. greatly in('n‘as<‘ the speral of e(»n version ; soua*- 
times the sp(‘ed is so gn‘iit that tin* (|uartz is c^ui verted dinn-tly 
into eristohalito without any tridymite being formed. 

S(aiver has found that, under tin* eomlitions net’essary to 
eonv<*ri 4S'dr) pc‘r cent of the .sili<'a in siliea hrieks in tiie alwema* 
of lime, no k‘ss tlnin 77*35 p{*r cent would In* converted if linu^ 
w(‘r(‘ pr(‘S(‘nt. Tlu‘ n*iativ(* a<'tivity of various impurities in hasttui- 
ing th(* eonveu’sion of the silica is given hy A. Scott as follows, in 
t.heir ord(‘r of mcu’it : 

Iron oxidcu lime*, inagntsHia, titanic fuxirie, alumina, sodium and 
potassium siliea.t(‘s, <'hlori(leH, and earlHauitc*s, 

Sodium tungstat(% sodium phosphatsu ami lithium chhiride also 
app(‘ar to faeilitatc* tin* (‘onversion of (juart/, into tridytnite. 

In most eas(‘H, themgh not in all, tlic presenec* of more fhari 
om^ oxid(‘ n*nd(‘rs the conversion more* rapid than if only om^ is 
pr(‘S(‘iit . 

Effect of Temperature on Inversion. Although a high tempera- 
tun* inerea,s(*s the ra|)idity with whi(di the eon version takc*H plaee, 
it is not ess(‘ntial, as, provided th<‘ duration of thf* hi*ating is 
suf!iei(*ntly lorig, the whole* <d iiu^ siliea may he* eemiplc*ie*ly ('faive*rteel 
at the^ lowc*Ht' tc*mpe‘rature at ivhie'h the* ee)nv(*rsie)rj <*emime»nees. 
Ferguson and Merwin foumi that the* minimum te'iufaTatun; 
necessary for the* <*onversie)n ed (|uart7. intei tridymite is H7fF Ck, 
the^ rat-(^ ineremsing with the^ tem|«‘rature. At a tem|M»rature of 
about 13(Kr (1. th(^ rc*ae.tion is fairly rapicl, ami at 1410^-1435 (’. 
it attains a maximum rapidity. Hieke^ and Fncle*ll confirmed these 
figurc^s, but found that a eonHuk^rahle amenmt ed e*onvc*rHion oe'cnirs 
heVlow HKK)"' (k ; they could not find ariy (Ie*finite ie*mperatiire 
whicdi <u)uld described as a minimum, owing to t\m slowm^ss 
of the reaction. 

When tridymite is heat(^d to a t(*mpc^ratttrc^ cd I47(D Cl or hvvt , 
it tcuids to (!onverte.el into (TistobaliUc 

The formation of (^ristohaliri; is a sid)j(‘(*t ed mueli eonirovt^rsy. 
At the tenifK^rature m(mtionc*d above, (I N. F<‘nni*r Htat<*s that 
only eriKtol)alit(^ is formed, e*.v(*n when fluxes, which are supposed 
to favour th(^ formation of tridymiti*, arc*- {>rc*sc*ni. Day and 
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Lacroix hav(‘ pnxlucial cristohalitc^ by to a (<*nip(‘rat urc 

of about lotH)" (L whilst above this t(‘iri|H*rat un* I'anlell lias pro 
(Iuc(‘(l <‘ristoi)alitc iu tin* pr(‘scuc<‘ of lirru*, ahniiiua, and iron 
oxici(*s. Minut(‘ particl(‘.s of carbon app(*ar to facilita.t (* the pro 
duct ion of cristol)alitc !)y acting as nucha u-roun<i vvhicli the crystals 
form. 

Iu.sl(‘y and Khun <’Iaim that- when silica is lieatful, eristofadife 
is always firoduced first, but that aft^u* prolong(»d fieating at 
t(‘ni|)eratun*s brdow 1470 ‘ ( \ tridyniite may be formed. Bhurunger 
and Ross liava* found that at lotM) i\ about 00 fxu* e<ud of the 
silica in silica bri<dvs is converted into efist(d)alit(\ but SeaV(*r 
found practi<‘all\' no tridymib* at KiOO ' (\ 

4'abh‘ XLI\\.due t(» Seavau*. shows the effect, of Inuiting coarsely 
ground (juartz to a tenifHU’atun* of 1450 ’ (’. for forty hours <me 
or mor’c tinu's : 


'rAiii.i; XLIV. Mi- FKCT or Ifi:.\'r on Coaksk Sojca 


'rO'UtliirUt . 

IN*r*'» {»fnrr (tt tai.'irt/, 

, anti ealrium SiiiriiO*. 

eU.-.NitijiUlr, 1 

; Aftrr first tiring . 

.‘ite.'iT 

■tH'Ua 

After HDt'ond tiring 

ai-a.H 


If the (piartz is moo 
for the manufaeture <»f 
t.-akes plae#*, as is shown 

' finely gniund, as iff ilte ease of that used 
silica bricks, a. mmdi gn^uter eon version 
in Table X lA*,, dm* to the same wuirker, 

'rAiii.r; XbW 

Kfi la T OF Hfat on- Kini: 

Hi 14 r. 4. 

'rmU-itirnt. 

IN n rntrtK*' “f Uumf/, f 

. iui4 eiUrlmn Slar^ttr. 

} 

1 Aft IT first, firing . 


77 -:i;* 

AfliT scffiriil firing 

. ^ iT'ia 

h2h7 

I Aftia' third firing 

14-02 

H.'hUH 


ti, Ia* C’hatelier regards erintobalib* as meiastabh* id all tempiu’a 
tiircH behnv its fusing point, and HUggests that it is only fonnrd 
under speeial efmditioris. and that it reverts to tririvndfe when 
Hueh etmditions are not present. 

Fusibility. WJnm any cif the three forms of silica mentioned 
an* heated to a Htiflieiently higli tennierature the\- are (*on\rrfcd 
int<) amorphous (fiiseri) sifh*a. If the heating of the ^dlica i,. 
suflieienily slow, the material may pass through its va-rious alio 
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tropic forms before fusion, but where the heating is very rapid, 
fusion may take place direct from the quartz, the formation of 
other allotropic forms not being recognisable. The temperature 
at which silica fuses depends upon the proportion of impurities 
present and on the size of the pieces of material. When in a finely 
powdered state and heated slowly, pure quartz fuses at about 
1500° C., pure trid^miite at 1670° C., and pure cristobalite at 
1625° C. 

When fused silica is cooled slowly, it reverts into one or other 
of the allotropic forms of crystalline silica, but if cooled rapidly 
it may solidify without reversion. The latter is the more general 
action, but if the glass is maintained for a long period at a tempera- 
ture above 1000° C. but below' its melting point, crystallisation 
takes place and cristobalite may be formed. Several hours’ heating 
at 1500° C. will effect this change. The reversion to tridymite 
may also occur if the conditions are suitable. Le Chatelier found 
that, on being maintained for twenty days at a temperature of about 
800° 0., silica reverted to tridymite, whilst Day and Shepherd and 
Brun have also found that in the presence of a “ mineraliser ” 
the reversion was effected fairly easily at temperatures between 
800° and 1500° C., thus confirming Fenner’s statement that silica 
is converted to tridymite between 800° C. and 1470° C. 

Fused silica will not revert to quartz by simple cooling, but in 
the presence of a mineraliser ” a prolonged heating at a tempera- 
ture between 300° C. and 750° C. will effect the change ; the 
temperature must not rise above 800° C. 

Table XL VI., due to Fenner, shows the changes which silica 
undergoes when heated and cooled : 


Table XLVI. — Inversion of Silica 


Temperature. 

Product. 

On heating to about 200° C. 

a-quartz (hexagonal tetratohedric). 

„ „ 575° C. . 

/3-quartz (hexagonal hemihedric). 

„ „ 870° C. . 

/S-tridymite (hexagonal). 

„ „ 1470° G. . 

On cooling, the same products are 
formed in the reverse order 
down to 270° C., after which ; 

/3-cristobalite (hexagonal). 

From 270° C. to 180° C. . 

/3-cristobalite changes to a-cristobalite. 

„ 120° a to 115° C. . 

/3-tridymite changes to a -tridymite, 
and then very slowly into quartz. 


The fusibility of a sand depends on the amount of silica and 
other materials present. Thus, whilst a quartzose sand melts 
at a temperature between 1500° and 1670° C., a sand containing 
a large proportion of mica or felspar will melt at a very much lower 
temperature. Table XL VII. shows the refractoriness of the 
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principal minerals likely to occur in sand, so that their effect may 
be roughly estimated according to the amount present : 


Table XLVII. — Fusibility of Various Minerals 



°0. 


®C. 

Albite 

1135-1215 

Haematite . 

1350-1400 

Anorthite . 

1250-1350 

Hornblende . . . 

1180-1220 

Apatite 

1270-1300 

Kaolinite 

1740 

Augite .... 

1145-1150 

Labradorite . 

1245-1250 

Barytes 

1500 

Lepidolite 

925-945 

Beryl .... 

1410-1430 

Magnetite 

1190-1250 

Calcite 

2570 

Muscovite 

1255-1290 

Chalcedony 

1500 

Nepheline 

1180-1210 

Chromite 

1850 

Olivine .... 

1380-1410 

Corundum . 

1750-1800 

Orthoclase . 

1160 

Diamond 

Infus. 

Quartz .... 

1500‘ 

Enstatite 

1380-1400 

Rutile .... 

1560 

Epidote 

1250 

Sillimanite . 

1816 

Flint .... 

1470 

Sx^inel .... 

1360 

Fluorspar . 

1378 

Titan ite 

1200-1230 

Garnet 

1150 

Tourma-line . 

1000-1100 

Gypsuhi 

1300 

Zircon .... 

1900 


Owing to its composite nature and the low thermal conductivity | 

of the material, most sand does not melt at a definite temperature | 

as would a pure chemical compound, but passes through a softening I 

stage, which may be more or less prolonged according to the size | 

of the particles and the nature of the materials present. This ; 

softening stage is the period intervening between the time when 1 

the most fusible constituents begin to melt and the time when | 

the whole mass becomes fluid, and it is increased with large particles, j 

as they require a longer time for the heat to penetrate them than 
is needed for smaller particles. i 

The softening stage is also increased by the time required for : 

the inversion of quartz into one or more of the other allotropic 
forms of silica, which are formed when it is heated. 

The temperature differences at which these numerous changes 
occur vary with each sand ; thus, a sand rich in magnesium com- 
pounds has a longer softening range than one containing an ; 

equivalent proportion of lime. Felspar begins to show signs of ‘ 

fusion at about 1190° G., but is not completely fused below 1300° C., 
though if other impurities, such as lime compounds, are also present, 
complete fusion may occur at a temperature of only about 1200° C. 

Lime alone is almost infusible, but when present in sand it forms 
fusible compounds, some of which melt at a dull-red heat. 

In considering the above table of fusibilities, it must be 
clearly understood that although a single temperature may be 
given for a compound likely to occur in sands, this is necessarily 
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only approximate, for the reason just given, and a fusion range 
would be more accurate than a single fusion ^oint. In some cases, 
fusion may commence at a temperature of only 500° C., but may 
not be completed until 1200° C. is reached. 

When an impure sand is heated, a reaction commences between 
the sand or siliceous matter and the alkalies, a- fusible silicate 
being formed ; the lime next enters into combination and is 
rapidly followed by the iron. The finer particles of fusible 
minerals fuse next, and as the volume of fluid increases with the 
rise in temperature the fluid attacks the larger particles of fusible 
materia], then the coarser particles of quartz, felspar, etc., until 
only the largest particles of the most heat-resisting materials are 
left. These are only fused on prolonged heating at a sufficiently 
high temperature. 

The action of various impurities on the refractoriness of silica 
has been described in Chapter IV. It may be summarised by 
stating that most of the impurities likely to occur in sands lower 
the refractoriness to an extent which depends on the nature of 
the impurity. In large proportions, some minerals such as alumina 
may increase the refractoriness, but they are seldom present in 
sufficient quantity to do this, so that it is a fairly safe rule that the 
most refractory sands are those which consist of pure quartz, 
and that the presence of any substance other than crystalline 
silica tends to lower the refractoriness of the sand. According 
to Richter and Bischof the proportions of various fluxes which 
effect an equal reduction of the refractoriness are as follows : 

Magnesia 20, lime 28, potash 47, soda 31, and red iron oxide 40. 

It will be seen that, weight for weight, magnesia is the most 
active of these materials, and iron oxide has the least effect unless 
it is reduced to the ferrous state, when it becomes a powerful flux. 

On comparing these figures with the respective molecular weights, 
it will be seen that approximately 2 molecules of magnesia are 
equal in effect to 1 molecule of lime, 1 molecule of potash, 1 mole- 
cule of soda, and J molecule of red ferric oxide or 1 molecule of - 

ferrous oxide. Hence, with the exception of magnesia (which has I 

not been explained) and of ferric oxide (which is, however, normal I 

under reducing conditions), the effect of the oxides mentioned on 
the refractoriness of sands containing them is almost exactly pro- l 

portional to the molecular weight of the oxides. It must be | 

remembered, however, that magnesia is very slow in action and 
is therefore less dangerous than lime as an impurity. Unfortunately 
the figures given above by Richter and Bischof are not very | 

reliable, as the relative activity does not depend solely on the pro- 
portion of any material present, but is influenced by the presence 
of other substances. Hence the relative activity of fluxes on 
quartz is not the same as on a mixture of quartz and clay, or on 
clay itself, whilst in a mixture rich in silicates, magnesia acts | 

only as a flux up to 5 per cent, after which it has a refractory I 

effect. ‘ I 
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It is not at present possible to ascertain, without an actual 
test, at what temperature a "sand will become fluid, as so many 
factors have to be taken into consideration, including the materials 
present, their proportions, the sizes of the particles, duration of 
heating, etc. 

Volume Changes on Heating. — The various allotropic changes 
which occur when silica is heated involve certain changes in 
volume on account of the difference in the specific gravity of 
the various forms of silica. These volume changes are often of 
little importance, but where sands or crushed rocks are used in 
the manufacture of bricks they may have a serious effect on the 
expansion of the brickwork, and therefore on the stability of the 
structure. 

At temperatures lower than 100° C. quartz has a coefficient 
of expansion which is nearly twice as great in a direction 
perpendicular to its axis as in one parallel to it. When ot -quartz 
is converted into /i-quartz at 575° C. there is a change in volume 
of about 1 *4 per cent ; on further heating to 870° C. a further 
increase in volume of 14-16 per cent occurs, the low-temperature 
forms of silica being formed. 

Table XTiVIII. shows the volume changes involved in the 
various allotropic changes of silica : 


Table XLVTIl. — Changes in Volume of Silica 



Variation in Volume. 


Inversion. 

Iloversion. 

Quartz ^ tridymite .... 

-[-16 per cent 

- 14 per cent 

Quartz ^ cristobalite 

+ 14 

~ 12 

Quartz ^ fused silica 

+ 20 

- 17 

Tridymite ^ cristobalite . 

- 2-2 

+ 2-2 „ 

Tridymite ^ fused silica . 

+ 3-1 „ 

- 3-1 „ 

Cristobalite ^ fused silica 

+ 5*4 ,, 

- 5-2 


Besides the volume changes due to the formation of different 
allotropic varieties of silica, there is also a reversible expansion 
due to heating and cooling. Quartz expands rapidly up to 550° C. 
Another very large expansion takes place between 550° and 590° C., 
this being partly due to the change to an allotropic form, but after 
heating to 600° C. no further expansion takes place and sometimes 
a little contraction occurs. On cooling, a very marked contraction 
occurs, just below 600° C., on account of the reversion of the quartz 
to the a-state. 
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There is a remarkable difference in the coefficient of expansion 
of the various forms of silica, the variations being shown in Fig. 17 
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Fig. 17. — Volume changes of silica on heating. 

suits of determinations made by Le Chatelier and Holborn 
ning respectively. The mean coefficient of expansion of 
ween 0° C. and 1000° C. is 0*68. 



CHAPTER VI 

THE EXAMINATION AND TESTING OF SANDS 


Whenever a material is used which occurs in a natural state it 
is usually subject to variations in character which may utterly 
spoil it for the purposes for which it is employed. The sands 
used in various industries ought, therefore, to be tested in such 
a manner as to minimise the losses which would otherwise result 
from the use of unsuitable sand. The necessity for some form 
of testing is recognised by some users, though some of the “ tests ” 
applied are very crude and limited in scoj^e. On the other hand, 
most users have generally failed to recognise the necessity for more 
complete knowledge of the sands they employ, and many of them 
are in consequence paying more dearly for their sands than would 
be the case if they were purchased as the result of proper tests. 
A particularly striking example occurred recently in the experience 
of the author, in which a firm were purchasing sand from 140 miles’ 
distance, when a sand more suitable for their purpose, but of less 
attractive appearance, could be obtained from a pit close to the 
works. In this instance a certain amount of prejudice existed, 
for the foreman was accustomed to a particular sand and did not 
see fit to change when he entered the employment of another firm. 
It was only when the characteristics of the two sands were closely 
compared and their practical identity was proved, that they were 
used with success on a commercial scale. 

The lack of information on the subject of testing makes it 
difficult to formulate a complete series of tests, and not only do 
the requirements of different works differ very greatly, but the 
idiosyncrasies of different workers must also be considered. For 
instance, in a certain foundry well known to the author, three 
different moulders used three different sands and could not, for 
a long time, be persuaded to change. Even that most cruel test 
of all — the secret substitution of one sand for another — ^failed to 
overcome the difficulty as soon as the substitution was discovered, 
though during the three months it remained unknown no note- 
worthy troubles occurred ! 

Sampling. — In testing sand for any purpose it is of course 
essential that the sample to be examined should be representative 
of the whole deposit, or at any rate of that portion of it which is 






to h(^ us(‘(i. \'(‘t only too often is a .small {)ortioit (ff tho material 

|)ick(‘(l up haphazard and stmt for examinat ion ret^anlless of whetlaa* 
it i.s r(‘pn‘.sentativ(‘ or not . ( ’ons<‘(|nent ly it frecpiently happens 

that a. '' sa.mpl(‘ " of so lieterojjeneoiis a material a.s .sand five’s 
r(‘sults which a.r(‘ not and (-anno! he fiy any means typical of thc‘ 
mat(‘riaJ from which it was taken. An exaniinatioii c»f suc'h an 
unr(‘pn‘S(‘nta.t iv(‘ “ .sainpl<‘ ” is of course useless : iti imuiv eases 
it may h<‘ wors<‘ than u.s(‘Iess. as a material ma\’ la- unjustly c(»n 
denin(‘d or unfairly fa.voured as a result, of such a!i examination. 
d’h(‘ fault in such cases does not li(‘ with tin* tests, hut with tliose 
who do not tak(* suni<'ient can* to obtain a proper samjih*. It 
(*annot h(‘ too strongly uri^ed, when a sand is to In* examined with 
a, vi(^w to d(*t{‘rminin|.( its value as a cmnmercial <*ommodity, that 
t.lu^ sainph* provid<*d should he sut]ici«*nt ly Iar|i:e and su tticiently 
candidly chos(‘n to he n*pr<‘sentative of the* whole of the d(*poHit. 
If it is impo.ssil)l(‘ to obtain a sinide sample of a (‘Iiarac-ter, 

a Hunici(‘nt numher of samples shotdd he taken, the numlier 
msH'SHarily d(*p(mdinjL( upon the variability of flu* dep(*sit. liy this 
UKuins it is po.ssible to get a fairl\* reliafdi* idea as to the nature* 
of any d(‘trital (h‘posit, and tin* results of an examination will he* 
H u tfi ( • ic ‘U tly re ‘ f m ‘semtati ve* . 

When testing a eIe‘posit e»r h<*el ed sand, the* surfae-e* layeu’ she add 
h(^ avoide^el, as it is liable* to se'rieais variatiem in e*oinposition on 
aee'ount ed eontaminatiem. The* be*st !ne‘tliod is to uni*ovi‘r the* 
be^d te» a ce)nvenie*nt d<‘f)tln anel the*n te> e*ut a ve*rti<*al fae*e witli a- 
HfHuie* ane! from the* inateTial so re»me)Ve‘d to se*eure* a r<*pn*.He*ntative* 
sample*. To e‘nHUre* this, a me*thod ed “ epiart<‘ring “ is e*ommeady 
UHe‘d, anel vvhe*n Hyste‘matie*aliy <*arri<*d out it is epdte Hatisfae'tory. 
The* prineiple* involve ‘el is that if a Huf!ie*i(‘id f|uantity ed well uni xe‘el 
mate‘nal he^ itse*If w'(*ll fnixe*d anei a c'emsideu’ahle* peaiiem ed it he* 
reunove'd, this }>e>rtion again ndxe*d and luiothcT pe»rtion ahstra<'tc*eb 
the^ pro(^c*HH be*ing re‘|K»ate‘d until a Hut!ie*ientiy small epuintity has 
been e)htaineai, the* r<*sulting sample will, as far as poHsihle, truly 
re*f)n?H(mt the^ eoinpemitiem <d the whede* bulk. It is u.sual to take* 
on(*“quarte*r ed the* masH in e*ae*h alistrnetion, lint in .scum* c*aHc*H 
oneeedghth or nveui emmtweifth will Is* found to yi<*Id accurate^ 
r(*HuitH, d'hus, if the* original matt*rial to l>e examine*ei rf*preHC*ntH a 
bulk (d about ten tons, it should he* iuixe*d as theirougidy an pewsible, 
piled into a synnne^trieal he*ap, and divideel intej femr (|uarte*rH, 
Onei ed theme epiarku-s is th(*n rc*nioved, again niixc*d timroughly, 
dividend into (piarterH as fiefore, and ont^ eptarier again s<*piirate‘d. 
This |)ro(;(ms is refMUite*d until a “ quarter weighing about H) lb. 
is obtaineni, unlems a larger cjuantity is deKire*d, wh<*n the* ijuartmdng 
nc!(Hi not proceed so far. 

This proeciHH is bamal on the aHHinii|)tiori that tlie iniite*rial can 
he* thoroughly mixed prior to each ejuarieu’ing. I'his is ordy the* 
case whercj the mate^rial eonslsts ed sniall partielem : if it is in lumps, 
these must bc^ l>roken Huf!ici(*ntly small and, w^heri thit hulk has bc*e*n 
reducexl by quartering, one of the (|uarters ” must f'Kt gnmnd, 
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roughly ({uart(*n‘(l again, and th(‘ oparationH of grinding and (|nartar 
ing ha r<‘{)(ait(‘d until a saanph* of ra<|ui.sit(‘ aiza ia obiainad. If t ha 
raw inatariai is in tha form of a aandatom* roak or aontainH hard 
pi(‘ac‘S of aonsidarahla siz(\ it is iH*aa.saary to grind it» ho tluit it will 
})a,ss aoni|)I<daIy through a lOunaah a<*r<‘(‘n h<*fon‘ making tha Inat 
f(‘vv' <juart(‘rings, arul tlia <‘hanii.st who un<l<‘rta.kaH t.fia analyaiK 
or otJua- tests of tha mat<‘rial ituiy hav(‘ t(j grind tha aatiipla ntill 
furtlua* hafora lia ran usa it ; aonscajiumily, ha should always 
h(‘ sup|)iia<i with at least. 7 lb. of tin* sainph* in tha form of a rough 
powd(‘r. If tha heap is so largt' that- t.o t.ak(‘ om* (puu’t.ar of it- is 
iinpraati(‘abla, th(‘ only other n‘nabl<‘ nud-hod is to t-a-ka a hirga 
nmnb(*r of samples, aaali weighing about- 4 Ib., from many parts 
of th(‘ }i(*ap an<l t-o mix tliarn tlioroiigldy hafora (piartaring an 
d(ssarib(*d abovi*. Tuhnss tha rnatarial is radiu'ad to a. fairly lira* 
state of division, th(‘ quart.(‘ring will })a ina.aaura4.<‘. as t-lu* mat(*rial 
aannot be mix(ai with sufliaiant aaauraey. 

Idle smaller tha partial<‘s of tin* material the mon* ataairaic* 
will b(‘ the result of sampling h\‘ (juartaring, and the nior’c* rapn* 
.s(mtativ<‘ uill la* the sample. ( onsacpumt ly, if no examination 
is to be made of tha sizes of t-h(‘ grains if, is usually d(*sirahla t(» 
grind tha inatariai to poudar batora aornplating tin* (piartaring. 
Kv(‘n whan it is not dosirad t<> griini the sand, it. is .som(*t.imaH 
advantageous to amf>k»y a maahaniaal mixing nutahina. ddnma 
most usually employed consist of a stati<»nar\‘ ease in uhi<’h padillaH 
or blades are tix(*d on a shaft in an irragtdar manner and are so 
arranged that uhan tha slndt is rotati*d the hladas mix the material 
thoroughly*. Soma in vast igaters (’onsidi*!’ t hat a small rot ary 
aydindar containing glass marhlas or prafarahly small quartz pi'hblas 
giv(*s a hf‘ttar mixing atfaat, fad the* pcmsibility of grinding the 
Hoftar grains ami of aontaminating the product must not be over 
lo(d«*d. 

When it is desired tc» d(*tarmina the ferrous oxide* in a mntarial 
tha sample should not ha ground vary tine, as muia<M*Hsary grinding 
auiisas oxidation of tha matariai hy axjiosing it unduly to air. 
It is vary important I hat sand siiutikl, as far m possible, be ta.dod 
in its nntund aondition. and aura shouki ha tak(*n that its moistur** 
is not evaporated in transit, as its prtqiortion may ha important. 
Where possilda, tfia sample obtainael shoul<i be plnaad at onat* in 
air tight tins or jars, and no tmdua ilalay should lie inaurrad hi’fora 
it reaches tiia tchting sfatiem, 

Fhosplior hnmza sieves are generally used to sift the malarial, 
litii they may introduce luatallie’ impurities. 

Chemical Analysis. The details e»f the various matIrrHiH of 
arialysiH sands are of .so aomplii'atad a nature and racpiin* so high 
a degree of nianipuiativa skill in their axaauiiem that ilH*y I'amiot 
be firofitnbly dealt with fiara. Itaadars wh(» wish te» exfiarimani 
in this dirac'tion should refer to A TrvntiHf^ (tti Qftartiiifitirr ! nur 
(janie /I a/dz/.t/.v, by J. W. .Mallor, hut they must not ha disappointarl 
if, after many attaiiipts, thay^ <h* not <jhtain siiah aaaurate results 
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as they require. At the same time it is important that those 
responsible for the use of sands should be able to understand and 
make use of the information contained in an analytical report, 
so that the notes given on pp. 202-203 should be carefully studied. 
The constituents usually determined in the chemical analysis of 
a sand are moisture, loss on ignition at about 950° C., silica, titanic 
oxide, alumina, ferric oxide, lime, magnesia, soda, and potash. 
Sometimes the percentage of sulphur (as SO 3 ) and of chlorine are 
also determined, and in sands which may contain other substances 
of importance a determination of these constituents should be 
made. From what has been stated in earlier pages it will be realised 
that many minerals are decomposed on chemical analysis, and 
their constituents are reported as silica, alumina, etc. (See also 
Mechanical Analysis, p. 239, and Rational Analysis, p. 239.) 

Many people who are unable to make an analysis of a sand 
find it convenient to be able to determine the moisture and loss 
on ignition. 

Moisture . — The amount of moisture in a sand is sometimes 
very important, especially in moxilding sands used for casting 
metals. To determine the moisture content accurately, a weighing 
bottle which is fitted with a glass stopper is carefully cleaned, 
wiped dry, and then dried in a special oven, which is maintained 
accurately at a temperature of 110° C. by means of a thermostat 
gas -regulator. When completely dry, the weighing bottle is cooled 
in a desiccator and then weighed accurately. About 3 gr. of the 
sample is placed in the bottle, the stopper is replaced in the latter, 
and the bottle with its contents is re-weighed. The increase in 
weight gives the weight of sand in the bottle. 

The bottle is now taken to the oven, its stopper is removed 
and placed on a glazed tile on the oven shelf,’ and the bottle with 
its contents is placed beside it, the bottle being covered with a 
small piece of filter-paper to keep any dust from settling into it. 
The oven door is closed and the oven with its contents is maintained 
accurately at 110 ° C. for some time, after which the bottle and 
contents are cooled as before and re-weighed. The loss in weight 
will be the weight of moisture in the sample. 

To ensure the whole of the moisture having been removed, 
the bottle is replaced in the oven as before, and after a further 
period of drying for at least one hour, it is again cooled in a desiccator 
and re-weighed. If any further loss of weight occurs it shows 
that the sample has not been fully dried, and the drying, cooling, 
and re-weighing must be repeated until a constant weight is 
obtained. 

This weight, less that of the bottle and contents previous to 
drying, is the amount of moisture in the weight of material used. 

The record of the results may conveniently be kept in the form 
shown on the next page. 
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Example : 

Gr. 

Weight of bottle and sand .... 

Weight of bottle 

. 8-6754 

. 6-1213 

Weight of clay used .... 

. 2-5541 

Weight of bottle and sand before drying 

Weight of bottle and sand after drying 

. 8-6754 

. 8-4316 

Moisture in weight of sand used 

. 0-2438 


Hence 2-5541 gr. sand contain 0-2438 gr. moisture. 

. - . Moisture = 9-54 per cent. 

Loss on Ignition . — The figure reported as Loss on Ignition ” 
indicates the weight lost when the sample has been heated to bright 
redness for several hours. During this heating some minerals 
(such as clay) are decomposed, and evolve water which escapes 
as steam and is lost. Any organic matter present will burn away 
and will also be iacluded in the loss on ignition.” If any finely 
divided carbonate is present, it may lose some or all of its carbon 
dioxide. The figure obtained as “ loss on ignition ” is therefore 
a composite one, and, though sometimes difficult to interpret, its 
determination is often useful. 

This test may be made by transferring the sample used in the 
drying test (p. 238) to a small weighed porcelain or platinum 
crucible and heating it in a small niuffie furnace for one hour 
or so, after which it is allowed to cool in a desiccator and is then 
weighed. The crucible with its contents should then be reheated 
for about half an hour, again allowed to cool as before, and re- 
weighed. If any further loss has occurred, the whole of the car- 
bonaceous matter, etc., in the sample has not been removed, and 
the heating mnst be continued until a constant weight is obtained. 
The total loss in weight, expressed as a percentage of the weight of 
the original sample, is then calculated by multiplying the loss by 
100 and dividing by the weight of the sample used in the test. 

Mechanical Analysis. — When it is desired to know the propor- 
tions of the various sizes of grains present in a sand, a mechanical 
analysis is made ; this is dealt with later under the heading 
Grading Tests. 

A mechanical analysis is very valuable for many of the purposes 
for which sands are used, especially in agriculture, and in the 
selection of sands for glass-making and for casting metals. 

Rational Analysis. — A method commonly known as “ rational 
analysis ” is sometimes applied to sands in order to show the pro- 
portions of the different minerals present. As these minerals are 
not definitely identified in a rational analysis, the term is some- 
what of a misnomer, and the process is not reliable except under 
unusual circumstances. 

The method of making a rational analysis consists in treating 
a weighed amount of sand with hot concentrated sulphuric acid 
for a considerable time. The mixture is then allowed to cool ; 
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ii is diluted with wat<‘r aud liltcn‘d, the n*sidue hclni,^ treated 
s(Woral tirn(‘s with hoilini^ sniutiens f)f eaustie suda niui hydru- 
eJilorie. acid. Th(‘ matter dissolved liy this tn*atment is presumed 
to h(^ wliolly " elay.*’ n^sidue tinally olitaiiied (eonsistiui^ 

ehidiy of f(isj)ar and (piartz) is dri«*(i and wdjihed. It is tlien 
inhaled with hydrotiuori<’ a<*i<i, which removes the siliea, the solution 
bdng aiuilysc'd for alumina, Hnu% soda, and potash, from whicli 
the aanount. of felspar and <{uart/. may be deteu-nuned. 

'’Flu^ e}u(‘f objeetions to a.nd semna's of <uTor in tliis pna'css are: 
(i.) th(‘. whoh* (»f th(‘ einy prescud may not be deeomposedj 
wlu're only n sinall p(‘reenta.^e of eiay<‘y mnttfU' o«a*urH, m in irnKst 
sands, then^. is l(‘ss risk of ineomplete decMuiiposition : (ii.) tlie 

dc‘eompos(‘d products of tin* tnuitnumt with sulphuric acid may 
not. h(^ (‘lit inly nunoved from the n*sidu(% tlms inereasim^ the 
fdspar |)(‘re(‘nta^(^ and decuMuising tin* amount of clay *’ pre.sfuii ; 
(iii.) s(>nH‘ of th(‘ felspar and (pui.rt'/. if in a tim‘ stat<* of division 
may he^ lost ; (iv.) other mimu’als, apart from (lay. may be nttaekeal 
ami [lartially dissolved, thus inen*asinu; tlie amount of “(lay/' 
A gr(^a1(‘r or l(‘ss epiantity of felspar, hornblende, bir>tit(% 

andalusit(\ (‘pidoteu and inusi’ovitc* may thus b(» included in the* 
a-mount of clay r(*portcd as pr(‘Hent (se(* p. 2(M) : (v.) on iiet'ount 
of the h(‘terog(‘neous nature of tin* sand, the value* e»btaim‘d for 
quartz do(*s not represemt the ameumt of fns* (piiirtz pn*sent, but 
is probalily hi^luT than tbe^ eorrecl fiKtire ; n<*ith(‘r d(a*s the* value 
for fdspar n*pr(*s(*nt the* proportion of f(‘Ispar prc'seait, but is rath(*r 
high, as th(* ot her impunti(*H containing silifai and nluminn an* not 
suhieiently ta1v(*n into consideration. flemee* a rational analysis 
is only satisfactory in ran* eases : where* minerals eieenr in widely 
difTcrent state's of division, <»r wh(*re other mine*ralH are pre*H(*nt 
which are* attacked to about the* same* e*xt«*iii as clay and fe‘lHpar, 
tlie^ r(*suils may contain a vc‘ry large* error and in some eiiHCH are* 
cpiite^ UHe*les.s. 

Re-calculated Analysis, In many easels, re*HuItH e»f me»re value* 
than those* obiaine‘d by a rational anniysis may be* obtium*d by 
re-e;al<adating the^ (*ompo.sition af the* sand, as shown by eheinieal 
analysis, so as to (‘orre‘Hnon(i to ee*rtain minerulH asHumeei to be* 
pn*Hfmt. dims, it may be assumed that the* alkalies, lime*, and 
magnesia an^ all in the^ feirm of felspar, and the* alumirta, te>gethe*r 
witli the amount of siliea eorr(*sponding to tliis aHsume*d t|uantity 
of ft*lHpur, is then (uil<*ulat(*<l. Any imrmH of aliiniina is nc*xt 
(?ale.ulat(Hl as “ clay " of the formula Al^C).| . 2SiCl^ . 2H2O, and the^ 
silica eorr(‘sponding to this “ e!ay/’ togetfic*r with that c*orresporidlng 
to tile fe‘lH|)ar, is dedue^ted from tlic^ total Hili(*a ; the* r(*niairung 
silie^a is tliem assumed to ia^ free (piartz. 

In Homce sands thee pereauitagee of iron cami pounds in ho large* 
that it re({uireH special eonsideraiion. Ah the nmst abundant iron 
compound in sands is limoniter -a liydrate*d fe*rrie hydroxide* of 
somewhat variaiile composition (p. 1 is someiiriM*H e*orive‘nient 

and usually fairly acemrato to calctulaie thee iron oxirii^ found by 
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chemical analysis to limonite, 2 Fe 203 . SHgO. If an appreciable 
percentage of ferrous oxide is present it may be assumed to exist 
as FeO . HgO. 

This method gives results which are often instructive, but they 
are subject to the serious objection that felspars do not contain 
magnesia and that in some sands the bases are present in the form 
of mica and other minerals. 

Proximate Analysis. — The purpose of a proximate analysis is 
to state the proportions of various minerals actually present in 
the sand, as distinct from the results shovn by chemical analysis. 
In the latter, the silica from the various minerals is included in 
a single figure, so that a chemical analysis often fails to show the 
nature and percentage of the impurities present. For example, 
a sand composed of 90 per cent of quartz and 10 per cent of pure 
clay will contain 94*6 per cent of silica, 3*9 per cent of alumina, 
and 1-5 per cent of water (loss on ignition). It might be supposed 
that as there is 94*6 per cent of silica there could only be 5*4 per 
cent of impurities, but this is not the case, for 4*6 per cent of the 
silica forms part of the impurities ” and the total impurity 
amounts to 10 per cent. Similarly, a sand consisting of 90 per 
cent of quartz and 10 per cent of (orthoclase) felspar ’^1 show on 
analysis 96*5 per cent of silica, 1-8 per cent of alumina, and 1*7 per 
cent of potash, but the impurity will not be 3*5 per cent (the 
figure obtained by deducting the silica from 100) but 10 per cent, 
as part of the silica belongs to the felspar. 

In most sands the conditions are much more complex, so that 
it is usually difficult, and often almost impossible, to ascertain 
accurately their proximate composition. Four methods are 
available : 

1. A mechanical analysis (p. 239), which will separate some of 
the minerals from the remainder. 

2. A rational analysis (p. 239), which is, unfortunately, seldom 
reliable. 

3. A re-calculated analysis, which is only of use when the com- 
position of the sand is comparatively simple, and even then is 
liable to be misleading (p. 240). 

4. A microscopical examination of the material as a whole, 
or of each of the grades into which it can be separated by mechanical 
analysis {see below). 

These methods, in conjunction with a chemical analysis of the 
material as a whole, or still better with a separate chemical analysis 
of each of the, more important grades separated by mechanical 
analysis, or of the pieces picked out by the aid of a microscope, 
will give a sufficiently accurate idea of the approximate composition 
of the material to serve all practical purposes. 

If necessary, these methods are supplemented by special tests 
and by the use of methods of separation apphcable to particular 
minerals. 

Microscopical Analysis. — ^A systematic examination of a sand 
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under a microscope will give a good idea of the various minerals 
present and, roughly, the proportion of each, and the results of such 
an examination are often more accurate than those obtained by 
any other single method. The microscope is particularly valuable 
in identifying certain minerals, and it is the only means at present 
available of estimating the amount of cristobalite, tridymite, etc., 
in some heated silica rocks. 

The microscopic examination requires the use of a good micro- 
scope magnifying up to about 500 diameters (higher powers are 
seldom necessary), fitted wdth polarising apparatus, so that the 
characteristics of minerals in polarised light may be examined. 
It is usually better to examine the various grades separated by 
mechanical analysis than to confine the examination to an indis- 
criminate sample of the whole bulk. 

If the sample has to be treated with water, in separating the 
particles of various sizes any dust will have been removed from the 
bulk of the material ; otherwise, the sample should be stirred up 
with water and the water and the finest particles in suspension 
should be poured off, or they may cause trouble by masking the 
grains. These minute particles should be examined separately and 
not overlooked, as is frequently the case. 

The particles are placed on a suitable glass slide, and, if necessary, 
cemented by balsam or immersed in oil of cloves or other suitable 
medium. They should then be examined first in natural and 
afterwards in polarised light, so as to ascertain the proportions 
and the various characteristics of the different minerals present. 
The identification of the various minerals present requires a certain 
amount of skill and knowledge of the particular characteristics 
possessed by different minerals, but after sufficient experience has 
been gained, the commoner minerals may readily be identified. 
To facilitate the examination, the sample should be separated 
into grades by means of {a) sieves (p. 246) and {h) heavy liquids 
(p. 257), as the minute, amorphous particles of clay, etc., are in 
this way prevented from obscuring the other grains. The heavy 
minerals also enable the quartz — which constitutes the greater 
part of the sand — to be separated, and the minerals of greater 
specific gravity than quartz are obtained in a highly concentrated 
form and so can be easily examined. 

The various characteristics which should be observed include 
the shape and crystalline form of the grains, cleavage, fracture, 
enclosures, alteration, refractive index, pleochroism, birefringence, 
extinction angle, interference figures, twinning, etc. The more 
important of these characteristics are described in Chapter IV., 
and from what is therein stated it is usually possible to identify 
all the common minerals. The characteristic properties of minerals 
which are difficult to determine have been omitted from this • 
volume, as they are only seldom required. Further information 
thereon will be found in the leading text-books on mineralogy and 
petrology. 
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One of the most important characteristics which can be deter- 
mined microscopically is the refractive index. This is best 
determined by the use of various liquids of known refractive index. 
The liquids used must be carefully tested by means of a refractometer 
before use, so as to be sure that they are according to standard. 
Table XLIX., due to Schroeder van der Kolk, shows the refractive 
index of certain liquids : 


Table XLIX, — Refractive Indices 


Material. 

Eefractive 

Index. 

Material. 

Eefractive 

Index. 

Ethylene chloride . 

1-450 

Monobrombenzol . 

1-561 

Olive oil . 

1-469 

Orthotoluidine 

1-571 

Benzol .... 

1-501 

Aniline .... 

1-583 

Cedarwood oil . 

1-505 

Bromoform 

1-590 

Monochlorbenzol 

1-523 

Cinnamon oil . 

1-605 

Ethylene bromide . 

1-536 

Moniodobenzol 

1-619 

Clove oil . 

1-544 

a-Monochlornaphthalene 

1-635 

Nitro toluol 

1-546 

a-Monobromnaphthalene 

1-655 

Nitrobenzol 

1-552 

Methylene iodide . 

1-740 

Dimethylamine 

1-558 

Sulphur in methylene 
iodide .... 

1-839 


Another useful method is that described by A. B. Dick (p. 178). 
When a mineral is immersed in one of the above-mentioned liquids, 
it will be found that if the refractive indices of the liquid and the 
mineral are very nearly equal the mineral will be 2 ^ 1 ‘actically 
invisible, whereas if there is an appreciable difference between the 
refractive indices the mineral '^l be easily seen. Under the 
microscope, if there is a large difference between their respective 
refractive indices the fragments of mineral will appear to have 
thick borders. 

In order to determine whether the refractive index of the mineral 
is higher or lower than that of the liquid, the light should be cut 
off from a portion of the field by tilting the microscope mirror, 
so as to cause the minerals to be dark on one edge and light on the 
other. The position of the dark edge should be noted, and if it 
lies on the opposite side of the grain to the shadow the grain has 
a lower refractive index than the liquid, whilst if it is nearest to 
the shadow the mineral has a higher refractive index than the 
liquid. 

Another method suggested by Becke consists in raising the 
objective lens of the microscope until the grain is out of focus. 
Whilst this is being done a bright line will move from the material 
having the lower refractive index to the one having the higher 
value. If the objective is lowered instead of raised the reverse 
action takes place. By repeating one of these tests with a series 
of different liquids it is easy to determine which liquid has a refractive 
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index nearest to that of the mineral. The refractive index of the 
liquid may then be determined in a refractometer. 

If the material to he examined is in the form of a piece of rock 
it may be rubbed down so as to have one smooth surface which 
can be examined by reflected light. Afterwards it may be ground 
so as to form a thin transparent section about 0*001 in. thick, which 
is then mounted in Canada balsam on a glass slide and covered 
with a thin cover of glass. The slide can then be examined by 
transmitted light, the same optical tests being applied as for sands. 

Other sections may be further investigated by staining or 
etching. The slide is made as before, but without Canada balsam, 
and its surface treated with dilute hydrochloric acid to ascertain 
whether any carbonates or alkali silicates, such as lime-scapolite, 
nepheline, sodalite, melilite, hauyne, nosean, lazurite, anorthite, 
olivine, chlorite, serpentine, and zeolites, are present, as these are 
gelatinised by this acid. Eelspar and quartz are gelatinised only 
by hydrofluoric acid. To stain the section, the acid is washed 
away with water and afterwards with ammonia, and the sample 
then placed in a bath of stain, such as magenta, malachite green, 
Congo red, aniline blue, or methylene blue. After a sufficient 
time has elapsed to permit the sample to be completely stained, 
it is removed, washed, dried, and examined under the microscope. 
This method is sometimes useful in showing up certain minerals 
more than others. 

Other special tests are sometimes useful though seldom required. 
Further information as to these tests will be found in the text-books 
on mineralogy and petrology. 

Cleanness. — The “ cleanness ” of a sand may be tested roughly 
by rubbing it between the fingers ; a good clean sand will leave 
little or no discoloration on the fingers. A perfectly clean sand 
may be rubbed on white paper without leaving any dark marks. 
Another very useful though rough test of the cleanness of a sand 
consists in shaking some of it violently for a few minutes in a 
measuring glass half -filled with water. After shaking, the sand is 
allowed to settle, and the other material will gradually sink and 
form a layer on the top of the sand. The amount of dirt, etc., 
can be roughly determined by noting the number of divisions of 
the measuring glass which correspond to the thickness of the layer 
of dirt, and by estimating the amount of matter in suspension. 
This test is useful in determining whether a sand for use in making 
mortar or concrete needs to be washed before use. 

A better test consists in stirring up a weighed quantity of sand 
with several times its weight of water, pouring off the liquid through 
a 100-mesh sieve, and repeating the treatment with water until 
no more dirt ” remains in the residual sand. The lic[uid and 
'' dirt ’’ which have passed through the sieve are then evaporated 
to dryness, and the product is weighed and calculated as a percentage. 
As the fine sand consists of silt, clay, and organic (carbonaceous) 
matter, this residue may be ignited so as to drive off the car- 
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bonaceous matter, allowed to cool, and then re-weighed. The loss 
in weight may be regarded as representing the organic matter, 
together with any water produced by igniting the clay and other 
I hydrous minerals present. (See also Carbonaceous Matter, p. 246.) 

Colloid Matter. — ^A rough idea of the amount of colloidal matter 
{clay) in a sand may be gained by shaking up the sand with twenty 
times its weight in water in a tall glass cylinder, and noting the 
amount of matter remaining in suspension after one minute (p. 244). 

1 The test is vitiated by the extremely fine sand present, some of which 

may remain in suspension for several hours. A much more satis- 
factory method of separating the clay from the other constituents 
in a sand is to use a series of sieves and an elutriator (see p. 246). 

Another useful method of comparing the amount of clay in 
batches of moulding sand is the following modification of a method 
proposed by Ashley : 

0*75 gram of aniline green (malachite green) is dissolved in 
250 c.c. of water and shaken for five minutes. Eifty grams of the 
' sand are added and the liquid is shaken in a machine for ten minutes, 

after which it is poured into a settling bottle and allowed to stand 
overnight. The colour of the liquid is then compared with a 
standard solution of 0-75 gram of dye in 250 c.c. of water which 
i has been shaken and allowed to stand in the same way. A sand 

containing clay abstracts some of the dye from the liquid, the 
extent of the decolorisation being to some extent a measure of the 
amount of clay present. The best method of determining the extent 
of decolorisation is to dilute the standard solution to the same 
extent as the sample, and to take the extent of dilution as a measure 
of the amount of clay present. This method is very useful for 
I comparing difierent batches of sand from the same source, but 

V it has been found unsuitable for comparing vddely difierent sands, 

on account of the variation in the absorbing power possessed by 
difierent clays. 

H. B. Hanley and H. R. Simonds have obtained better results 
by treating the sand prior to adding it to the dye -solution. They 
suggest placing 25 grams of the sand in a 500-c.c. wide-mouthed 
bottle, and adding 250 c.c. of distilled water, and 5 c.c. of 10 per 
cent ammonium hydroxide. The bottle is closed with a glass 
stopper and sealed with paraffin wax, and is placed in a shaking 
machine for one hour. At the end of this period, 140 c.c. of distilled 
water is added, together with sufficient acetic acid to neutralise 
the ammonia and leave an excess of acid. This usually requires , , , 

5 c.c. of 10 per cent acid. This treatment cleans the surface of J 'J 

each microscopic particle, and ensures that the colloidal matter is ^ 

in a state to attract or absorb the dye. The test may be continued ‘ ; 

by adding a weighed quantity of the dye crystals to the solution | i 

and sand, sufficient dye being added so that, after stirring and pjj 

I allowing the sand to settle, a slight tinge of colour remains in the :j‘ 

^ solution. This indicates that a slight excess of the dye has been Y ; 

added ; its amount is estimated by preparing a standard solution H 
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of iiH‘ (iyi^ and dilutin;! it until it has tfin sauM* rniuur as t!ii» liijuid 
ol)tain('(i in tfa* tost, 'ria* ({uantity of dy«* in tfir dilutod solution 
lK‘in^ known, that, amount is dfdnrfj/tl from Ihi* fofjil uriLdit <d’ 
tlH‘ (ly(* us(‘<i. d'his is rrjLtanlod as jiroportional to tho rolloidal 
('lay |jn‘s(‘nt . 

Carbonaceous matter, whicli is ohjoO ionahio in sand to ho 
us(‘d in (‘on(T(‘t(\ may Ix' (‘stimatcd h\' moans o»f a siinplo tost 
HU^^<‘si(‘d Ahrams and Ihanhu’. and sinoo adopfod as a oloan 
noss " tost- by tla* Amorioan Sooioty ftu* dVstinii Maforials. win^ 
(•(‘ooninumd that- it should l»o oarrital out as follous: 

A 12 (>/,. i^raduatod {irosoriptioa lu^ttk* is tillod t.o tlio H o/., 
mark with tin* sand to ho tostod. A 2 por otmt solution of sodium 
hydroxide* is thon add<*d until tho \olumo of tho sand and solution, 
aitor shnkino, amounts to 7 o/. 'Fho hottlo is thon oIomhI hy a 
cork or stopper and shaken tlHU'outddy, after uhioh if is alhnu'd 
to stand overnight. The next day the oolour <4 tin* mon* or l«*ss 
oli*ar sup(‘rnat ant- lifpnd is ohsorv(*d ; if it is ootloiuioNS or has 
a liydit y<*IIow oolour, the* sand may ho oonsidorod to ho sat isfac’t (»ry 
in so far as ory'anic* impurities are ooiioornod. if. on the otlu*r 
hand, a darku’olounal li(|uid, ran|>fimr from dark rod to hlaok. 
is ohtaifK'd, the sand simuld usually la* roj(*otod a.H unsuitahlo 
for us(^ in oonorot(» or mortar. 

Grading Tests- Tho s(‘puration of a sample (4 sand int(f rnuip.s 
uooordin,^ to tho sizes of tin* oonstituont urndns of maforial prosiuit 
is known as “ grading ; a dot<*rminat ion (4 tfa* piatpcaiion of 
oaoli grade is termed a. moohnnioal analysis, and (-onsists in treating 
th(* maforial pr(*sent eitlu'r hy naains <4' sieves, or in an elufriatcu*, 
HO as to H(*parate tin* parfieles <4 on<» size* ((»r tliosr within eertain 
|)r(*arrang(‘d limits of size) from the nunainder. liy rofieafing the 
proe(‘Hs n sainjjk* is eventually subdivided into ii eonsiderahle 
numhe*!' <4' W'parate* grades ; tin* wedght (4’ emdi ('an then he aseer 
tained. 'Fo separate tin* eoarser grains of sands, sie\es are tfie 
most satisfactory, it being gi'iKU'ully best to sefeet a numlM'f (4 
Hic‘V(\s (4 dc‘ereasing tineness, aes'ordirm t(» the grades intf» whieh it 
is desired to .H(‘paratc‘ th(* partieh*.s. 

In <)rd(*r to ohtaiti strietly eompanihh* resuilH it m imporlinit 
to UH(% standard si(*ves, as ordinary <uies an* nid woven with siiflieient 
atu’uraey. 

l^ahk^ L. shows the* standard tnohlies *4 sieves speeitied by the 
Institute* c4 Mining and Metallurgy. 

Th<»Hiev(\s an* manufaetunsl by X. Cireening^^ Semnd U arrington. 


ITaiilk 



GRADING TESTS OF SANDS 


247 


Table L. — The I.M.M. Stand ahd Sieves^ 


Mesli, i . e . Apertures 
per Linear Inch. 

Diameter of Wires. 

Diameter of Apertures. 

Screening Area per 
cent . Holes. 


in. 

mm. 

in. 

mm. 


5 

0-1 

2-540 

0-1 

2-540 

25-00 

8 

0-063 

1-063 

0-062 

1-574 

24-60 

10 

0-05 

1-270 

0-05 

1-270 

25-00 

12 

0-0417 

1-059 

0-0416 

1-056 

24-92 

16 

0-0313 

0-795 

0-0312 

0-792 

24-92 

20 

0-025 

0-635 

0-025 

0-635 

25-00 

30 

0-0167 

0-424 

0-0166 

0-421 

24-80 

40 

0-0125 

0-317 

0-0125 

0-317 

25-00 

50 

0-01 

0-254 

0-01 

0-254 

25-00 

60 

0-0083 

0-211 

0-0083 

0-211 

25-00 

70 

0-0071 

0-180 

0-0071 

0-180 

25-00 

80 

0-0063 

0-160 

0-0062 

0-157 

24-60 

90 

0-0055 

0-139 

0-0055 

0-139 

24-50 

100 

0-005 

0-127 

0-005 

0-127 

25-00 

120 

0-0041 

0-104 

0-0042 

0-107 

25-40 

140 

0-0036 

; 0-091 

0-0036 

0-091 

25-00 

150 

0-0033 

0-084 

0-0033 

0-084 

24-50 

160 

0-0031 

0-078 

0-0031 

0-078 

25-00 

180 

0-0028 

0-071 

0-0028 

0-071 

25-00 

200 

0-0025 

0-063 

0-0025 

0-063 

25-00 


1 Some additional data by J, W. Mellor have also been included in the table. 


Table LI. shows the standards adopted by the American Bureau 
of Standards. 

E. W. Taylor has suggested the sieves given in Table LIT. for 
testing the grading of sands for concrete work. 

This series of sieves is based on the following complex con- 
siderations : the limiting diameters of the particles in each grade 
were first decided and also the number of grades into which the 
material is to be separated. The logarithms of the extreme 
diameters of the particles were then found, and between these 
figures was found the required number of logarithms, less 2, which 
have equal differences between them. By this means a series of 
logarithms was found equal to the number of sieves to be used, 
the difference between each succeeding logarithm being constant. 
The corresponding antilogarithms furnish the openings for each 
sieve in the series, and where these do not correspond to a com- 
mercially available sieve, the nearest commercial sieve is employed. 
So elaborate a procedure is seldom adopted, and the I.M.M. series 
{above) is ample for most purposes, especially as a sieve in ordinary 
use does not pass every grain smaller than its holes or mesh,” 
though it does retain all those which are larger. If the sieving 
process is of very short duration, a large proportion of fine material 
will fail to pass through the screen ; if the process is excessively 
prolonged, some of the larger particles may be reduced by attrition 



24H 


(niADIX<l TKSTS OF SANDS 


’'Pahi.i-: LI. Ami'.um as Stam>ah{> Sikvi;h 


Sieve 

So. 

Sl<‘Ve Opening. 

I 

j Wire Oininetef, 

'r*4»'raiiee 

ii( 

Avrra«<- 

\ 

■TH!er;UJe» 
\n Wire 

1 >i;iiiiet<*r 

4 Mlef^firi 
Ifi 

p»'r fill. 

Mf4ler4 

per 111 . 


niiii. 

8-00 

in. 

n-:!!.', 

ittiit. 

1 *85 

ill. 

0-072 

» 

per i r-ut , 

1 

, per ei-tif , 

- 1 tprulfJil, 

per erip. 
lo 

1 

i 

i 

2-0 

0'72 

i 0*205 

1 -05 

0-005 

1 

5 

10 

!-2 

2-0 ■ 

:i.l 

5 4}0 

} 0-222 

1*45 

; 0-057 

1 

! 5 

lo 

i 1-4 

2-fl 

4 

4'70 

' 0-187 

1*27 

0-050 

I 

5 

io 

1-7 

4-2 ; 

f) 

4*00 

0-157 

M2 

0-044 

1 

5 

lo 


5-0 

i> 

:L20 

0*122 

1*02 

0-040 

I 

5 

lo 

2-2 

5-H i 

7 

2*82 

0*1 1 1 

0*02 

0-020 

1 

5 

10 

o , 7 

fi-H i 

8 

2*28 

0*004 

0-84 

0-022 

•> 

»i 

lo 

2 

7-0 i 

10 

2*00 

0-070 

0-70 

0-020 

»> 

5 

10 

2-5 

0-2 5 

12 

1 *08 

0-000 

0*00 

0-027 


5 

: lo 

4 

lO-H ! 

14 

1*41 

0-0557 

0*01 

0-024 

*» 

5 

10 

5 

12*5 i 

10 

MO 

0-0408 

0-.74 

0-021 

2 

5 

10 

0 

14-7 ! 

18 

1 *00 

0*0204 

0*48 

0-0187 

*» 

.» 

10 

( 

17*2 ^ 

20 

0*84 

0-0221 

0-42 

0-0105 

2 

5 

25 

H 

2o-2 ^ 

2r> 

0-71 

0-0278 

0*27 

0-0140 

2* 

> 5 

' **5 

0 i 

22-0 I 

;io 

0*00 

0-0224 

0-22 

O-O120 

.2 

1 

1 25 

1! 

27-5 i 

:ir> 

0-50 

0*0107 ! 

0-20 

; 0-01 12 

2 

• 5 

25 

; 12 

22*2 ! 
27 -0 

40 

0*42 

O-OIOO 

0-25 j 

j O-OOOH 

2 

1 5 

25 

1 5 ] 

40 

0*25 

0*0120 i 

0*22 i 

0-0085 

2 

5 

( 25 

i8 : 

44-7 

00 

0*20 

0*0117 1 

0-188 ; 

0-0074 

4 

10 

' 40 

■ 20 

52-4 
01 -7 

00 

0*25 

0*0008 1 

0*102 

0-0004 

4 i 

i 10 ■ 

40 

, 24 

70 

0*21 

0*0082 1 

0-140 

0-0055 1 

■1 

i 10 

40 

1 20 


80 

0-177 

0*0070 

o*no 

0-0047 i 

4 

10 i 

1 40 

24 

85-5 

100 

0‘140 

0-0050 : 

0*102 

0-0040 

■t 

10 

I 40 

: 40 i 

loi 

120 

0*125 

0-0040 

0*080 ; 

CMI024 

i 1 

10 

i 40 

i 47 

1 20 

140 

0-105 

0*0041 

0-074 

0*0020 i 

5 1 

‘ 15 

no 

! 50 ■ 

142 

170 

0-088 ! 

0*0025 : 

0-002 

0-0025 1 

h 1 

15 : 

oo- 

00 

107 

200 

0-074 j 

0*0020 1 

0-052 

0-0021 i 

5 

15 i 

00 

^ 70 

20i) 

220 

0*002 f 

0-0025 ! 

0*040 

O-OOIH ^ 

5 i 

15 j 

00 

02 

222 

270 

0*052 j 

0*0021 i 

0*041 

0-0010 i 

5 j 

15 i 

Oil ■ 

1 loo 

270 

225 

0*044 : 

j 

0*0017 ; 

0-020 

1 

0-0014 j 

5 I 

15 

00 

125 i 

i 

222 


Taiii.k LIL Hikvi*;h nm TiiwriNd Tin: ClitAins*: or Samih rni? 
(’ONriClTK 

I HifVi* Xo. i nf»rljii){| if) I|jrh»ni, | 


10 

i0072 

15 

0-047 1 

20 

0‘024 j 

20 

0*022 1 

40 

0-015 

00 

0*000 ! 

74 I 

0*0078 1 

100 ' 

0*0045 

150 

0*<I0225 1 

200 

i000275 

1 
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jitid so puss throiijih the scrcfti. With cai'c, th(‘ proporthiri of 
fine iiiiitcriul whii'li fails to pass the scroci) sh(ail<l not (■x<'C('<l 2 p(*r 
(•(‘lit. riio lailinos friiiii each screen shfiuld he tc.sf.ed [)ei'i(Mli(’alI\’ 
to ensure that they do n<if contain too nnieli line inai-erial. 

'I’he sieves s<deof!(l should de|iend. of course, on the natiin^ 
ot th<‘ sand, hut in most l•as(•s sieves ranj'iiifr from alxait .‘{(I mesh 
to 120-inesh are stdliiuenl , Ihouj'h a 200 mesh sieve* may he neeessarv 
in some eases. For testing .sands tile author has for more tlia'n 
twenty years used a series of sieves with 10. 2"), 50. 100, and 200 
holes per jiiiear inch, the respective apertures heint; 0*0.''», 0*02, 
0*01, 0'00.>. and 0*t)02.> in. in diamel<‘r, Bo.swe*Ii pr<*fer.s t-o u.se 
a .series of .si<*ve.s with 0, 12, 2.'), .aO, and 120 holes per linear inch 
for the .sand irnides. From the variations in the .series of sieves 
used hy different authorities, if will he understood that the si/,<*s 
into wiiii'h the .saiuhs are elas,sified de[)<*n<l Iari^e|\' on t.ln* ri'ijuiiao 
ments of the worker, hut where po.ssihle it is liesirahle to adopt 
some standard elas.silieation such as those ni<*ntioned on [iji. 210 
to 2 Hi. .so as to avoid eonfusicai and to make the results as eompa.rahle 
as po.ssihle. Cradinu tests made with sieves witliout .statins' thi* 
size of the yrain.s indicated hy the varimis sieves employesh are 
of no value e.xeepf to the user. 

Some inve.stipafors employ a needless numher of sieves in a 
series. The pro|>er course is to ascertain, from a mieroseopiiT 
e.'Camination <if a limited numhi r of ymaili-.s, whether the particles 
in each arendhei.’ntly uniform in si*/.e. If not. an additional 
numher of .sieves should he employed. K.xeept. in unusual eases, 
however, it is pn*ferahle to ela.ssify into the minimum numher of 
orade.s po.s.sihle, a.s the mere multipli<*ation of y'rades is of little 
value. Whafevm* series is enit»loye<l. it is usually desirahle, fm* 
Die sake of consist eriey and rapid workiiiu. <" use woven sieves 
of phosjihor hronze thnaiydiout the series, thout{h for n*movin){ 
particles larger than ()*2 in. diameter, and espeeiallv when stones 
or >jravi*l are ahundanf, [H*rforated shec-ts an* pn*ferahl(* t.o wov(*n 
mesh. It is useles.s toattenipt to einidoy .sieves liner than 250 in<*Hli, 
and, for most purpos4*s, it is h(*tter to re>'ard a 200 rn(*Hh as tin* 
fin(*.st praeti(*ahle sieve, and to u.se an ehitriator for ttrading the 
part ic*h*.H which pa.Hs throujjh this sieve. 

'I'he mattutr of unimj niin-H is im|.ortanl. If the .sand is clean 
(i.c. alnio.Ht free from (*lay) and dry, a. weij'heil ammmt may ho 
sieved in its natural slate, (*are heint' taken to avoid I he loss of 
anv ilust . (til the I'ontrury, if then* is an appre<*iahh* proportion 
of clay (iresent, tin* w«*ii{hed amount of .sand is mi,\<*d with ahmil 
twice its weiiiht of water, well shakmi for half an hour or more 
in a nie(*hani<*al agitator, and th<*n run on to tin* coarsest sir*ve ; 
any material which passes through the sieve is received in a siiitahh! 
y(*ssel, prefernhly of white (*arthenwan*, and is afl(*rwanlH passid 
in a similar manner on t<» each of the siev(*.s in (urn. Kaeh 
sieve is then washed with a powerful "rose ” of wat(*r, so a.s (o 
ensure all (he sand finer than its mesh passing on to (he ’ni*,s( lin(*r 
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sieve. When all the finer particles have been removed from each 
grade, the contents of the various sieves are dried and weighed. 
The material which passes through the finest sieve contains all 
the clay, together with a considerable proportion of fine sand and 
silt. The constituents of this mixture may, if desired, be separated 
by elutriation (p. 252). The thoroughness with which the fine 
particles are removed from the residue on the various sieves depends 
largely on the operator. To reduce the effect of this ''personal 
factor,” some investigators work to a strict time-schedule ; others 
prefer to use a mechanical agitator and to rely on this rather than 
on hand-sieving. The mechanical arrangement is chiefly used in 
the United States ; it consists of a series of sieves mounted one 
above another, with a container below and a cover above, so as 
to prevent the escape of dust. A prearranged weight (usually 
100 grams) of the sand (previously dried at 110° C. to a constant 
weight) is placed on the top sieve, and the whole series is then 
shaken for exactly five minutes by means of a J-h.p. electric motor. 
Each sieve is then removed and shaken separately by hand for 
one minute more, and any material which passes through is trans- 
ferred to the next sieve in the series. The whole of the series of 
sieves with their contents is again assembled, with the container 
and cover, and is shaken again by the machine for a period of 
twenty minutes, after which, each sieve in turn is again shaken 
by hand as before. The amount eventually remaining on each 
sieve is separately weighed, the results being expressed as the 
percentage retained on each sieve. No standard method of sieving 
with the aid of water has yet been adopted. 

The deposits left on the coarser sieves generally consist of 
quartz and felspar. Mica is generally concentrated on the medium 
sieves on account of its flaky nature, the diameter of the flakes 
being large compared with the average bulk of other minerals (see 
p. 217), and the deposits on the finer sieves contain the greater part 
of the heavier minerals, as the grains of these are generally smaller 
than the average size of the quartz grains (p. 216). 

Sedimentation and Elutriation. — For the finest particles contained 
in sands, sifting is useless, as sieves finer than 200-mesh, i.e. for 
particles 0-0025 in. diameter, are not sufficiently accurate, as the 
strands are liable to be rapidly destroyed on account of their 
fineness and delicacy. It is, therefore, preferable to separate these 
fine particles by treating them 'with, water in such a manner that 
they are separated according to their suspensibility. This may 
be done in one of two ways. 

Sedimentation Method . — The particles may be stirred with water 
until all are in suspension and they may then be allowed to settle. 
They will sink towards the bottom of the vessel in which they 
are contained, at a rate which depends on their diameters and 
specific gravity, in accordance with Stokes’ law. 
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or V = Cr2, where C = 

9z 

where V is the velocity of the particles in cm. per sec., 

2 ; is the viscosity of the liquid (water = 1), 
r is the radius of the particles in cm., 
g is 981, 

d is the specific gravity of the liquid, 

D is the specific gravity of the particles. 

This formula assumes that (a) the particles of solid matter are 
much larger than the particles of the liquid ; (b) the liquid is of 
infinite length in comparison to the sinking particles ; (c) the particles 
are smooth and rigid ; (d) no slipping occurs between the particles of 
the liquid ; (e) the velocity is small ; and (/) the particles are small. 
When the velocity of the particles is great, the formula does not 
hold. H. S. Allen states that the maximum size of particle for 
water sedimentation is 0-085 mm. or 0-0034 in., i.e. the particles 
should all pass completely through a standard sieve (p. 247) of 
150- mesh. Rittinger gives the following velocities of fall in metres 
for particles of different sizes : 

3*2 C. for rounded grains, 

2-25 C. for flat grains, 

2-65 C. for elongated grains, 

2-85 C. for average (mixed) grains, 

where 0-d ^- — 

s 

when S = Specific gravity of solid particles (quartz =2-65), 

5 = Specific gravity of hquid (water = 1), 
d = Diameter of sphere in metres. 

For convenience it is usually assumed that all the particles 
have the same specific gravity, namely, that of quartz 2*65, in which 
case the rate of settling depends solely on the diameter of the 
particles. If a cylindrical vessel 6 in. or more in height is used, 
and the total height of the liquid and solid in the vessel is greater 
than 4 in., Table LIII. may be used, the depth of liquid being 
measured downwards from the tof. 


Table LIII. — Showing Size of Particles which settle 
OUT in Different Times 


Size of Particles. 

Time of Settling. 

Depth from Surface. 

mm. 

in. 


mm. 

in. 

0-1 

0-004: 

20 secs. 

140 

5-6 

0-05 

0-002 

1 mill. 

120 

4-8 

0*01 

0-0004 

10 „ 

90 

3-G 
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Fia. 18. — Schoene’s 
elutriator. 


After standing for ten minutes, the upper- 
most 3*6 in. of the liquid is carefully siphoned 
or poured off, care being taken not to disturb 
the material at a greater depth. The residue 
left in the vessel will contain all the particles 
larger than 0*0004 in. diameter. The residue, 
together with sufficient water to make the 
total volume the same as before, is weU stirred, 
and then allowed to stand for a further period 
of one minute. The uppermost 4*8 in. are 
removed as before ; the residue will contain 
all the particles larger than those correspond- 
ing to the period of sedimentation, i.e. larger 
than 0*002 in. diameter. By repeating the 
process as often as is desired, the particles 
can be separated into any required number 
of sizes or grades. The separation of the 
different sizes of non-plastic materials is 
usually quite sharp, but when much clay is 
present it is usually necessary to repeat the 
treatment of each fraction several times, and 
even then a small but variable proportion of 
fine sand and silt usually adheres to and is 
carried away with the clay, wHilst another 
equally variable amount of clay is usually 
carried down by the silt and fine sand. It is 
impossible to prevent this defect unless the 
particles can be kept well separated and in 
constant motion. Moreover, as a result of the 
short times of suspension, and the time neces- 
sarily taken in decanting or pouring off the 
supernatant liquid, the results obtained by 
segmentation are not so satisfactory as by 
elutriation, though they are often sufficiently 
accurate for general use. Consequently, 
elutriation is usually preferable to sedimenta- 
tion. 

Elutriation consists in mixing the par- 
ticles to be separated with a large volume of 
water which flows forward at a prearranged 
rate, so as to carry away the smaller particles 
and leave the larger ones behind. The method 
most commonly used in this country is that 
devised by Schoene and modified by Seger, 
in which a carefully regulated stream of water 
is passed through a series of vessels, such as 
that shown in Pig. 18, so arranged that the 
speed of the hquid may effect a separation of 
the particles into separate groups. Separa- 
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tion by elutriation appears to be accurate for particles less than 
0-25 mm. (0*01 in.), but not for those larger than 0*5 mm. (0-02 in.), 
this upper limit being somewhat doubtful. Seger adopted four 
groups for elutriation, as shown in Table LIV. 


Table LIV. — Elutbiation (Seger’s Figures) 


Maximum Velocity. 

Extreme Diameter of Spherical 
Particles. 

Manometer Height. 

mm. per sec. 
0-18 

in, per min. 
0-43 

mm. 

Below 0-01 

in. 

Below 0*0004 

cm. 

1 

in. 

0-4 

0*70 

1-68 

0-01 -0-025 

0-0004-0-001 

8 

3-15 

1-50 

Residue 

3-60 

Residue 

0-025-0-04 

0 04 -0-333 

0-001 -0-0016 
0-0016-0-0133 

50 

19-69 


It is not necessary, in most cases, to use an elutriator for such 
coarse particles as those of 0*333 mm. diameter, and often it is 
quite sufficient to separate only one grade by elutriation, as shown 
in Table LV., due to Mellor. 


Table LV. — Elutriation (Mellor’s Figures) 


Maximum Velocity. 

Manometer Height 
for Flint. 

E.xtreme Diameter, 
Spherical Particles. 

Average Diameter. 

mm, per sec. 

cm. 

mm. 

mm. 

0-18 

1 

Below 0-01 

0-0063 

0-3 or 200-sieve 

60 

0-01 -0-063 

0-042 

120-sieve 


0-063-0-107 

0-087 


Boswell, using a modification of Crook’s elutriator, employs 
the data in Table LVI. 

Tabltc LVI. — Elutriation (Boswell’s Figures) 


Diameter of Cylinder, 

Head of Water. 

Jet Aperture. 

Diameter of Grains 
Separated. 



mm. 

mm. 

2 in. (51 mm.) 

1880 

7 

0-4 


1400 

3 

0-2 

3 in. (76 mm.) 

700 

3 

0-1 


400 

2 

0-05 
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All elutriators made of -glass are fragile, so that where a large 
amount of work has to be done the more substantial apparatus 
devised by Krehbiel, and shown in Fig. 19, maybe used. It consists 
of a series of metallic containers of varpng diameters, and to which 
water is delivered from a tank at a constant speed. The diameter 
of each container determines the speed of the column of water 
in it, so that the speed will be greatest in the narrowest, and least 
in the widest container. By this means, particles of various sizes 
can be readily separated. As the volume of water in KrehbieFs 
apparatus is much greater, and other difficulties are caused by 



the different shape of the vessels, the results are not so accurate 
as those obtained with Schoene’s or Crook’s elutriators. 

An elutriator for rapid working, devised by T. M. Lowry, 
consists of a vertical tube, tapering from 25 mm. to 2 mm., and 
cemented at the lower end to a 2 -mm. tube about 100 mm. long, 
and fitted with a tap. Elutriation is carried out in the usual way 
(p. 252), and after about thirty minutes the coarse material is 
allowed to settle, the height of the deposited column being a 
measure of the amount of coarse material in the sample under test. 

The separation of the finest grains by elutriation may be com- 
plicated by their tendency to flocculate ; this is especially the 
case with particles of clay and silt less than 0*01 mm. diameter, 
though in most cases it is quite unnecessary to separate particles 
finer than this. Such flocculation may sometimes be avoided 
by adding a little sodium carbonate or ammonia to the water 
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used in the test, but such an addition is open to the objection that 
it may exert a deflocculating action and break up particles of 
naturally flocculated matter. 

The experimental results obtained by elutriation do not agree 
closely with the theoretical results, on account of numerous 
“ variables ” which cannot be considered. Thus, the temperature 
of the water affects its capacity for suspension, cold water being 
able to suspend or transport larger particles than warm water 
travelling at the same velocity. A temperature of 15° C. is usually 
taken as standard. The amount of material in suspension in a 
given volume of water must also be taken into consideration, as 
a few isolated grains may be moved by a current of less velocity 
than a larger number of grains of the same size, so a greater speed 
is required to move grains of a given size where the concentration 
is greater. For this reason, the speeds shown in Table LVI. are 
a little higher than the theoretical figures. The specific gravity 
and the shape of the particles also affect their suspension, though 
the variations in this respect are not so great as might be supposed, 
because the particles of the heavier minerals are smaller than the 
quartz grains of the same weight, so that the product carried over 
by any given speed of flow may contain heavy grains of smaller 
diameter and mica flakes of larger diameter than is anticipated. 

The results obtained are not strictly comparable to those 
obtained by sifting, as in elutriation the particles present to the 
current the greatest possible area, whereas in screens the lowest 
cross-sectional area determines whether a given particle will pass 
away. 

Particles of various sizes may also be separated in a centrifugal 
separator, through which there is a constant downward flow of 
water, provided the drum or cylinder of the separator is relatively 
long in proportion to its diameter. If such a machine rotates 
sufficiently rapidly, and water containing the solid matter in suspen- 
sion is fed slowly into the top of it, preferably on to a horizontal 
disc, which throws it out on to the periphery, the liquid will form 
a hollow cylinder which moves slowly downward through the 
separator drum in a spiral direction, until it eventually passes out 
through the apertures in the lower end of the drum. Meanwhile, 
centrifugal force causes the particles in suspension to travel radially 
outwards until they reach the inner surface of the separator, to 
which they adhere. As the coarsest particles will reach the surface 
of the separator first, and the others at later intervals, dependent 
on their size and specific gravity, it will be found, after passing 
a suitable quantity of material through the separator, that the 
suspended particles have all been removed from the liquid, and have 
been arranged in series on the interior of the separator. If the 
separator is fitted with a loose lining, consisting of a number of 
segments, these can be so arranged that each pair of segments 
contains particles of a definite size. The water flowing from the 
separator is quite clear if the separation has been properly effected, 
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though if the finest particles of clay and silt are not required, a 
reduction of the speed of the machine will enable them to be 
carried ofi in the effluent. 

The amount of water used by this method is much less than 
with elutriators, and the results appear to be quite satisfactory 
if the speed of the rotation, the amount of the material and water, 
and the rate at which they are suppfied are kept constant. 

Mineralogical Examination. — For many purposes it is important 
to ascertain what minerals are present in a sand and, where 
practicable, the approximate proportion of each mineral. This 
can be done to a large extent by means of chemical and mechanical 
analysis, aided by a microscopic examination (p. 241), but in some 
instances other methods are preferable. The most important of 
these are — 

1. Separation by vibration. 

2. Panning or hydraulic separation. 

3. Separation by heavy liquids. 

4. Magnetic or electromagnetic separation. 

5. Electrostatic separation. 

Separation by Vibration . — A method of separating heavy from 
fight minerals in sands of nearly uniform size, suggested by H. B. 
Milner, consists in placing them upon a piece of white glazed paper, 
and giving the paper a circular motion with one hand and tapping 
it with a pencil in the other, at a frequency ascertained by trial. 
This gives a good separation if small quantities are taken. 

An improved method consists in using a thin metal plate 
supported by an iron clamp and vibrated rapidly, the result desired 
being obtained by means of a tuning-fork of the same frequency 
as the metal plate. 

Panning is the old method employed for working metalliferous 
sands and is dependent on the fact that, if water containing sand 

is placed on a shallow pan 
(Fig. 20), and given a circu- 
latory motion by means of 
the arms, the fighter particles 
are kept in suspension and 
gradually washed over the 
Fig. 20. — Waahing-pan. sides of the pan, whilst the 

heavy minerals remain at the 
bottom. A very convenient pan is one about 3 in. deep and 
12 in. diameter at the top and about 8 in. diameter at the 
bottom. In some cases a conical vessel is employed, and is 
even more satisfactory than one with a flat bottom, though more 
difficult to manipulate. With either of these vessels 4-7 lb. of 
material may be treated at once, and most of the grains having a 
specific gravity greater than 3 can be retained, all those of lower 
specific gravity, including the quartz, being almost wholly removed. 
This method is suitable for particles between 0*004 and 0*04 in. 
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diameter ; with larger particles the separation is less complete, 
though if they are only present in small proportions they do not 
seriously interfere with the result. Particles less than 0-004 in. 
diameter are usually lost by this treatment unless they have a 
very high specific gravity, such as gold. On the whole, panning 
is a very satisfactory method for concentrating the heavy minerals 
in a sand consisting chiefly of lighter material. It has the great 
advantage of not requiring any elaborate apparatus, and so is 
invaluable to prospectors in out-of-the-way places. 

Separation by Heavy Liquids . — Minerals may also be separated 
according to their specific gravities by the use of Hquids of diferent 
specific gravity. Table LVII. shows the specific gravity of various 
heavy liquids which are useful for this purpose. If a weighed 
quantity of sand is introduced in small quantities at a time into 
one of these liquids contained in a conical glass funnel, provided 
with a tap or stop- cock at its lower end, stirred vigorously and 
then allowed to stand, all the particles having a lesser specific 
gravity than the liquid will remain in suspension, whilst the heavier 
materials {i.e. those of greater specific gravity than the Hquid) 
will sink to the bottom of the vessel. The tap is then opened 
and the heavy minerals run off on to filter paper, after which the 
tap is closed and more material put into the funnel until the whole 
has been separated into two parts. The residue can be cleaned 
with benzene or water, dried rapidly, and weighed. Thus, heavy 
minerals can be separated from quartz by means of bromoform, 
and, if necessary, they cap. be further classified by the subsequent 
use of other heavy liquids. 


Table LVII. — Specific Gbavities of Heavy Liquids 


Liquid. 

Specific 

Gravity. 

Melting 

Point. 

How Used. 

Bromoform 

Acetylene tetrabromide 

Methylene iodide .... 
Methylene iodide and iodine 
Mercury potassium iodide 

Cadmium borotungstate 

Barium mercury iodide 

Mercurous nitrate (cryst.) * . 
Thallium silver nitrate * 

Thallium mercury nitrate * . 

2- 85] 

3- 0 1 
3*331 

3*6 J 

3*2 ^ 
3*25 

3*5 1 

4*3 r 

4- 5 

5- 3 j 

70° C. 

75° C. 

76° C. 

1 Diluted with 

1 benzene. 

Diluted with 
water. 


* These must be used at a temperature above their melting point. The specific gravity of 
the liQLuids should be determined each time they are used. 


The solutions which can be diluted with benzene are usually 
the most convenient, on account of the ease with which the residues 
can be washed with benzene and dried. Mercury solutions have 
the disadvantage of being poisonous, cadmium borotungstate 
readily crystalhses, and the sohd salts need to be used at higher 
temperatures and so have many disadvantages. 

VOL. I s 
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An<)th(‘r \vhi(*li is s()ni(‘tiin(*s (•nipiuy(‘d fnr the* rou^ii 

estimation of tin*, proportions of s(‘V(*rai iniiHn’uIs of vuritnjs sp(*eiti(‘. 
graviti(‘s, (consists in forming a dilTusion ooluinn hy partially lilliiig 
a long glass jar with a eonc(‘nt rated heavy licfuid, and then filling 
th(^ remaining part of t lie jar with a diluted solutiim. dliis is allowed 
to stand about tw(‘lve to tw(*nty-four hours until tliere is a gradual 
gradation in speeifie gravity from tliat of tin* eoneentratc*d licpiid 
at. tli(^ bottom to tliat of the dilutial licpiid at the* top. Tlie t(*st 
is ma(l(^ hy dropping in a small sample' and noting tlu' luaghts at 
whiedi th(‘ partieh's eolh'ct, fragmemts of known speeifie gravity 
being droppcal in as guide's. liy this nieauis a rough ideal of the 
mimu’als firessemt may lie* aseeulaine'd. 

TIu^ folleiwing seilutions, aeeeirding tei (Vemk, are usedul for this 
medihexl of H('pa.ratie)n : 

SiHTUic- 

e#mvify, 

1. Brornoform elihitesi with herr/.f'nn to 2'5-2-l) 

2. „ alone . 2*90 


1, Mf?l.hyleri(^ iodide dilute^d with hen/.ene to 

2. „ „ nlone^ 


2‘r>.2-n 

:n:m 


1. Thoule^i solution {laitaHHium ine^retine* iodide) dilut<*d with water to 2'5»2‘n 

2. „ „ „ alone . . . ,'MH 


1. Klein solution ((5adiniuin borotimgstate) diluted with water to . 2‘5*2’() 

2. „ ,, alone . . . . 3'2H 


Magnetic i^eparatum. Htmu* of the: mine'rals found in sands 
peisse'HH magnedie^ [ireiperties, sei that it is possihle* to Hejiaratt' 
theun by the' use of a magnet, or prefeTahly an edeudro-inagned, 
with the^ ))ole‘H eaiding in thin (*dge*H and eapahle of btdng moveal 
HO as to h(‘ sptie*ed at varying distanees apart. 

A UHt'ful magntd ek'seribeul hy T. (’rook eemsists of two limbs, 
(*aeh 1 in. diame‘t(*r and 4 in. long, wound with si*ven laycTs of 
Hbgauge wire*, each layer having ahemt forty turns. TIh* two 
adjustable pok‘-pi(‘ee*H shemld be* 1] in. wide* ami l| in. thick, sloiteel 
HO ae to be moveel nearer to, or fyrthe*r from, i*aeh cithe»r, and seemrexi 
by BcrewH to the limbs. An H-volt battery is e|uite» Huf!i(*ient for 
this instrument. 

In UHO, tht? magnet is suspended over a smooth c^ardboiird 
tray containing the sample to be examined. If ck»sirc*d, the most 
magnetiej partielem may bc^ removed with a pe»rmanent rnagncit, 
and the moek^rately magnetic* '' grains (p. 224) then removed 
by meariH of an elee.tro-magnet with its |Md(‘H alMnii | in. a|Mirt. 
Aftc^rwards, the pole^s of the magnc't may be* plaet'd only | in. or 
rather lenn apart, anel thc^ “ fc*(*bly magni'tie ’’ minc*ralH (|.k 224) 
may then bo Bc^parated. The* rc*Hidue may bet regarded as priic'iic'filly 
non-magnetice 

ElectroHiutic AS'rpara^mn.- The* separation of rniric*ralH aeeording 
to their ektcdricail conductivity deiaaids on the find that iiiinc*rals 
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having a, higli rical (‘ondiH^i ivit y ar<^ afT<Hd.(‘d by u.n 
(*harg(^^ wihist !)acl (‘onductors rvinuin iinn't. af)|)arainH 

reconunrndrd by T. ( Jrook consist.s of t w'o c.f^pjx'r [)Iat(‘H a fcnv 
incli<‘s squan*, on(‘ of which inis ()n(‘ surface*, ccjatiul witii a» layca* 
of sh(‘llacj which is continued ov(‘r tlu^ <‘dg(^ of th(‘. plat.(% fonning 
a narrow strif) on tin* o|>()osit(‘ Hurfac(‘. Tin; slu^lhu*, -(coated surfac^c* 
of one copj)cr plat(‘ is placed n(‘xt to th(‘ un(‘oat,(‘<l surface*, of t,h(* 
oth(‘r, hut is S(‘})ara.t<‘d from it by two pi(‘e(‘H of glass coated wit.h 
shcdlae. llu‘ upper plate*, is ehargesl (*h‘etri<’aily by nuuuis of ari 
el(‘c*trophorus, <*onsistirjg of a f)Iat(‘ of (‘bonit-(% re^sin, s(*aling“Weix, 
or shc^llae, (m a- metal liase* and a canadar nudal disi^ of th(^ same 
dianiet<‘r witli an insulated liandhe If th(^ platen of t.he (de(‘.trO“ 
phorus is ruhlaai with a. tlanin*! or phaa^ of fur, a n(‘ga,tive! charges 
of (‘hadricity is indueeal in it, so that on placing tlu^ mental disc 
on its Ie>wer surfaea* it is ediargeal positivady, a,n<l a (a)nq)l(‘m(*ntary 
m^gativa^ charge is giveai te) the* outeT surfaea^. This is raanoveal 
by toucdiing it with tln^ ling(‘r. A small (juantity of the*, sa-rnph^ 
of sand t(^ <*xarnined is t)la(aai on tins upp<*r side* of the* loweu’ 
copp(‘r platen of the pair pn*vicaisly meadioned, and the^ disc, to 
whiedi the insidat ing inindle*. is attaednal is placeal upon tb<*. uf)p(*r 
(a)p|H‘r plate*. The* niine*rals which an* good conductors of (*lcct rie'ity 
will imnH*diaie‘ly adheu’e* to the* upper plate* and can be* re*mov(al 
thefrefrom, vvhilst the^ nona’onductors remain em t-he^ lejwer phitee 
For accurate*! work, a larger apparatus ojH*rate*<l by a more* pe)W(*rful 
(airn‘ni is prefe^rabk*, btit tiie* simple* dewic’e* just^ dew*ribeHl is ofte*n 
UH(*ftd, (‘speadally if the* test is applie*d to a samfde from whiedi the* 
gre^ate^r part of the'; epiartz has bea^n r(*moved by panning ([). 25b), 
or by me*ans of a he*avy liepud (p. 257). 

Specific Gravity. The* s|M*ciiie! gravity of sands, or the* minea’als 
thendn, is det4*rinine*d <*ithe*r by the use of heavy n(|uidH as d(^Hcribe»d 
on p. 25H, or by m(*anH a speedfiet gravity bottler In the^ latteu* 
me*.thcHi, tlie^ me>st e*onvftnif*nt form e>f s|H‘eJfk! gravity bottler e^onsists 
of a small flask, with a ne*ck graeiuati‘(i from <15 <*.c. to Hd enm, into 
whiedi i*xaetly 5d c.e. of water is iritrodueod by m(»anH e>f a pipette*. 
Thcui exactly 5t) grams of the^ sand are^ placeal in the* bottle^ and 
th(i height ed the* e-edumn of wate*r in the^ nea'k of the^ bottle^ is n*ael. 
Ah th(t volume* of lic|nid displaccal by the* sand is (*(|ual to tlie? vedume^ 
of the* sand, the* Hpe‘cifie’. gravity is fe)und by dividing the* we*ighi erf 
the sanel by the* vedume* ed lic|uid disphu’C'd. 11108, if 5d grams 
of a epiarte sane! erause? tlu^ wateu* in the^ bottler to rise* the* 
B8*H c.e., mark, that we*ight <d saml must oeampy a vedume* of 
58-8 * 5d 18*8 (*.e., so that its H|H*eifie gravity is 5(1 : 18*8 2*<lb. 

Apparent Density. The! appare*nt density of a rnasK of sand 

is dcd4*rmin<al by we*ighing a v<*HHe*l of known e*a[Hi<dty, filling it 
with the! Kiitid, and them re*Hveighing. I'he* we‘ight erf th<! sand' in 
grams diviele»d l>y the* c'afiaeity of the* verHsed in e*.e. is the! apparemt 
deuisity. 

Volume-weight. The* vedume*- weight of a mans of Kami is 

determined in the same* manne*!* as the appare*nt di’iisity, Imt a. 
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iar^cr V(^s.s(‘i is usually caiploycd. I’lu* weight of tho suiul in ixnnids 
<livi(l(,‘(i by thn (‘apacit-y of t.h<‘ v(*sscl in cubit* foci ^q\os the V(>IunH‘- 
vv(Uf!;hli in poirmf.s per nthiv fool. Alternatively, the weight of tla* 
sancl in ^n*anis divided by the (‘upaeity of the vt'ssel in hires 141 ves 
tii(‘ voluin<‘“ w(u^ht in f/mm.v j>rr litre. 'Fo eonv<*rt “ apparent 
d(‘nsity " into voluna* weight," multiply it by 1)2-42 to obtain 
th(‘ n‘suit in pound, s per rnhir foot. ( 'oriversely, to ealeulaie the 
a[)i)anmt (hmsity from lh<* volume-weight in pounds per (-uliie 
foot, iimlti})Iy th(‘ lutbu* by O-blb. 

Refractoriness. 'Flu* nd’nu'toriness or resistanc*(* of a sand b) 
h(‘at (p. 22h) is tc‘st<‘<l by mixing it with dextrin ami water to form 
a jyaste, which may then In* moithied into small 
bdrahedroas of tin* same shape as Seger cones 
{Fig. 21). Th(‘S(' corn's an* dried ami plaetai sith* 

by Hi<le with suitaldf* Seger ef)nes on a slab madr^ of 
china (hay and ijauxib* inixcai into a stiff pasR' with 
watKU’. d'he “ cones " are prvssvd on to the surfact* 
of th<‘ slab so as to penetrate it slightly and so 
r(‘ceiv(* suflicaent siipporl to pn^vent tllem from 
falling. The slab with the cones is thtm placed in 
an (d(*ctri(\ gasddast, or Deville ftirnace until thc! 
t(‘.st“picc(* b(*mis ovtu* until ilH point just tom*la*H 
th(‘ baH(^ lim* of tlu' support nn whii'h it stands. 
The numlKU* of tlu' Segcu* cone which hcmiH tfi the 
sanu' (%xttmt under the same eonditioiiH as the 
pie(4‘ indicates the refractorim'Hs of the sand. 

If the conc's have all lamt before the test piee(% a 
Fun 21. s<‘Kcr fn'sii exiHudment must be made using a higher scTies 
of eones. whilst if rmm* of the eom\s ImuhI ladon^ 
the t4*st“pie(*(*, a lower H(»ri(*.H must Im* employed. 
SometiuH'H, instead of regarding the limit of refraetoriness as shown 
by Inmding, it is takeui as the tem[M‘raiure at whieh the sharp 
edg(w of th(^ eones iKaamn* appreeiahiy rotuuled as a result of fusion. 
It is therc'fon? ma^'ssary in reporting a test, or in eonsiflering the 
reports of otfun- te-sts, "to know exaetly whieh standard is takem 
k^fon^ a satisfactory eomparison can he rnaelf*. 

The^ luxating must In* slow and e'areftdly eonindled if an ac'eurati* 
result is to seaninal, the most Huitalde rate of heating kdng 
a rise of about 10'^ (’. |>tu’ minute*. 

It is Horm^tirnes |)ref(‘rahh* to employ a pyrometer, so that 
acamrate information as to the aetual temfM*ratun* at tlte iridieating 
point may Im ohtaim^d, though this is liable to erreir, bc'eaum^ the 
pyrometc*r attains the; te;m|H‘ratun; eif the* f«niii<*e* mucli soemer 
than the int(;rior of the; t<;Ht-pi(;ee*, w*here*aH the advantage* of .Se;ge*r 
(jones lit;s in the; fac;t that thedr l4*m|H‘riiturc*. rise's at approximately 
the Barm; rate; as tlnit of the; samjde'H, 

It is someetirnes demii’ahle; to separate; the* sane! into iwa pe^rtions 
by meanH of a No, 150 or No. 2(K) sieve;, ami to ti*st tire; heat resistance 
of each of th(;He portions H^;parated}^ For in«tanc*f*, by suedi a 
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sifting the coarser and nsually more refractory materials are removed 
and the finer and more fusible ones are isolated, so that their 
fusibility and its effects are more marked. In moulding sands, 
for example, where it is not the refractoriness of the sand as a whole 
that is required, but only its tendency to fuse in places, this separa- 
tion of the more refractory constituents is of great value. The 
refractoriness test on either or both portions is carried out in the 
same manner as on the sample as a whole. 

Melting Point. — When the true melting point of a sand or of 
one of its constituents is to be ascertained, only a few grains of 
the material can be used. Consequently it is necessary to view 
them through a microscope in order that their fusion may be 
clearly observed. For this purpose Doelter’s electrically heated 
furnace may be used. It consists of a small electrically heated 
cylinder, which forms the furnace, the material being supported 
on the end of a stick of bauxite or graphite, or placed in a capsule 
(which must be considerably more refractory than the sample 
to be tested), with the hot junction of an electric p3u*ometer below 
it. The heat from the furnace is prevented from affecting the 
microscope objective by placing a disc of transparent quartz glass 
on top of the furnace. The remainder of the microscope may be 
shielded by asbestos sheeting. The sample is viewed through a 
microscope mounted above the furnace, the temperature at which 
it begins to lose shape being ascertained by means of the pyrometer. 
Unless the temperature is raised very slowly, it is necessary to 
have two observers — one to note the temperature recorded by the 
galvanometer, the other to look down the microscope and report 
when the fusion commences. It is necessary to make several tests 
so as to secure the requisite accuracy, as the chances of error when 
working on such a small scale are very large. 

As the amount of material used in this test is necessarily small 
(or the completeness of the fusion could not be observed with 
sufficient promptitude), the results are usually lower than those 
obtained by the use of Seger cones. This difference between the 
fusibility and the refractoriness of a sand is due to the fact that the 
term ^'fusibility” is applied to the true melting point of individual 
particles, whereas the term " refractoriness ” is applied to a mass of 
sand into which heat cannot penetrate so readily as it does into 
individual grains. If the heating in the refractoriness test could 
be sufficiently prolonged at the melting point of sand, the figures 
for refractoriness and melting point would coincide ; this is, however, 
impracticable with a mass of sand, so that the figures differ as 
stated. 

Porosity. — ^The total volume of the voids or pores in a mass 
of sand varies with the extent to which the sand has been com- 
pressed. Consequently, great care must be taken to reproduce 
the test under the same conditions as those under which the sand 
is used. For instance, the pore-space in a cubic foot of sand 
contained in a vessel 12 in. by 12 in. by 12 in. will not be the same 
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as in a v(‘sh(‘ 1 422 in. by 2 in. by 2 in., b(*('ans<‘ tFr‘ sand in thn Inwar 
lialf of bittnr v(*ss<*I will lx* under eonsidca’alily i^nanter |)re.sKur(\ 
For th(^ sariK^ ri‘ason, will b(‘ less pores in a mass of tamped, 

ramnuHl, or eompr(‘ss<‘(i sand than in an e(|ual weight of sand 
whi(di li(‘s looser " in a shallow luaip. 

voIum(‘ of th(‘ ])nr(‘s in a Ioos(^ sand may in* (hdermiiual 
b,y placing a. mcaisunal volume (.say ()()(D*.e.) of the* sand in n graduated 
giass (^ylind(‘r (Fig. 22) hohling HKM) <•.<*., avoiding midue eompaeting 
by pr(‘Hsing or slinking. From anoth<*r measuring-glass a suitable* 
volume*, say 20d e.c., of wate*r is pour(‘d into tin* first glass and the* 
of tii(^ li({uid nH‘asur(‘d. The* pereemtage* of voids in the* sand 

is found by adeiing the volume* 
of tiu* wat^‘r to the volume* of 
t>h(* sand, anel d(*dueting the^ 
vedume* re*[>re*s(‘nt ing the* final 
l(‘ve*I of the* wate*r fnun this 
total. Thu.s, if fi(M) v.r, of sand 
and ‘itHl e'.e. of wate*r an* used, 
and the* final Ie»ve‘l e»f tlie* waie*!* 
is at the* H(H) e*.e. mark, the* volume! 
of veuels e*ejtmls ((HH) i 2(Hf) HIM) 
HH) e*.e. Henee*, (HMf c*,e, of sand 
eontain HH> e’.c*. of vends; that is, 
the* |H*re’entage‘ of veads eaiuals 
H>*7 p<*r c*(‘nt hy ve)lume*. If 
the* fioreesity ed a efun|ire*HHed 
saml is in la* de*termineei, the 
same* f)roea*dun* is adeepte‘eh hut 
the sand is firsts f'eunpn*sH(*d to 
the* ele*sired e»xtent in a ' ve*Hse*l 
in whieh its vedume* <*an !h^ 
aeeurate*ly mi*aHured. i ‘are* sfumld 
Ki(i. 22. - Ponwity test. he* taken partic'ubirly in the* e'ase 

of a slightly esunfiressed sand ■■■ 
not to sefiarate tlie* partie'le*H by pemring in the* wate‘r foee rapidly. 
To avoid this, it is He>iiu*iiine‘H pre*ferahl<* to admit tlie* wat<*r thremgh 
a tube! e*ntering rH*ar tin* bottom of the* vesse*! e*(mtaining the 
sand. This me*thod of det4‘rmining the* pore wily of a sand is not 
cuitirely aeeurate, as it is impossihh* to drive* out> all the* air 
without disturbing the^ petition e»f the* Hand grains ; in some* I'anes 
as much as Id jw*r (*(*nt of the* pcjn*,s may la* le*ft filled with air, and 
thee neporteed porosity may lx* low to tliis e*xt4‘ni. Hie* tlM*eer<»ti{’aI 
porosity of a sand may la* estirnat4‘d fnun tin* apparc*ni density 
(or volumewweight) and the* HfK‘C'ifi(' gravity as 

urn (S A) 

* S 

where P - th(! jHere'euitagi* by volume* of the* pore*H, S true! s|H!eihc! 
gravity, A -apparent density. Hius, a saiKt with s|aHdfi(! gravity 
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2*54 and apparent density 1-187 will contain theoretically 53 per 
cent by volume of pores, but the pores which can be filled with 
water would be somewhat less than this proportion. Moisture in 
a damp sand will reduce its porosity, and should therefore be 
determined. The porosity may then be calculated from the 
following formula, suggested by Taylor and Thompson, in which 
W = the weight of exactly 1 cu. ft. of the moist sand, P=the per- 
centage of moisture in the sand, and S=the true specific gravity 
of the sand. 


Per cent of absolute voids = 



100 . 


The air voids may be found by deducting from the percentage of 
absolute voids, the percentage volume of moisture; the latter is 
found from the formula 


Per cent moisture by weight x weight of 1 cu. ft. of material 

. 

Table LVIII., due to Taylor and Thompson, shows the percentage 
of voids for sand of different weights per cubic foot and different 
moisture contents. 

Permeability is a term used to indicate the extent to which 
gases or fluids will pass through a bed or layer of sand of certain 
thiclmess. It is specially important in connection with moulding 
sands and sands used for filter-beds. 

A very satisfactory method of testing the permeability of a 
sand, used by the author, is carried out on the following principle : 

A circular metallic box (Fig. 23, p. 265), 3 in. diam. and 1 J in. deep, 
with a flanged rim at the top, has the bottom cut out and replaced 
by a piece of wire gauze of any suitable mesh. On this gauze is 
laid a sheet of thin blotting-paper, and the case is filled with the 
sand to be tested, to a height of exactly 1 in., care being taken 
that it is as nearly as possible in the same state of compression 
as it is when in use ; thus, moulding sands will need to be tamped 
so as to secure the necessary compactness. In testing sands of 
this kind, the author, in order to preserve the conditions of normal 
ramming, usually places the empty case in a larger mould in course 
of formation, and removes it when filled, the space left in the 
larger mould being afterwards repaired. A second sheet of blotting- 
paper is laid on the sand and a flanged pipe is then clamped firmly 
on to the case, care being taken to avoid breaking the structure 
of the sand. Water is poured gently into the flanged tube to a 
height of exactly 40 in. (or exactly 1 metre) and the appliance is 
suspended above a glass measure. The time taken for 100 c.c. 
of water to flow through the sand into the receiver is a measure of 
the permeability. In more exact experiments the level of the water 
in the fllanged tube must be kept constant. If care is taken in 
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Table LVIII. — Porosity of Moist Sand 


Weight of 

1 cu. ft. 
of Sand.* 

Percentages of Absolute Voids in Material containing 
Moistures by Weight. t 

Moisture by 
Volume 
corresponding 
to 1 per cent 
by Weight. 

70 

0 per cent. 
57-6 

2 per cent. 
58-4 

4 per cent. 
59-3 

6 per cent. 
60-1 

8 per cent. 
61-0 

1-1 

75 

54-5 

55-4 

56-4 

57-3 

58-2 

1-2 

80 

51*5 

52-5 

53-4 

54-4 

55-4 

1-3 

81 

50*9 

51-9 

52-9 

53-9 

54-8 

1-3 

82 

50*3 

51-3 

52-3 

53-3 

54-3 

1-3 

83 

49-7 

50-7 

51-7 

52-7 

53-7 

1-3 

84 

49-1 

50-1 

51-1 

52-2 

53-2 

1-4 

85 

48-5 

49-5 

50*6 

51-6 

52-6 

1-4 

86 

47-9 

48-9 

50-0 

51-0 

52-0 

1-4 

87 

47-3 

48-3 

49-4 

50-4 

51-5 

1-4 

88 

46-7 

47-7 

48-8 

49-9 

50-9 

1-4 

89 

46-1 

47-1 

48-2 

49-3 

50-4 

1-4 

90 

45*5 

46-5 

47-6 

48-7 

49-8 

1-4 

91 

44*8 

45-9 

47-0 

48-2 

49-2 

1-5 

92 

44-2 

45-4 

46-5 

47-6 

48-7 

1-5 

93 

43-6 

44-8 

45-9 

47-0 

48-1 

1-5 

94 

43'0 

44-2 

45-3 

46-5 

47-6 

1-5 

95 

42-4 

43-6 

44-7 

45-9 

47-0 

1-5 

96 

41-8 

43-0 

44-1 

45-3 

46-4 

1-5 

97 

41*2 

42-4 

43-6 

44-7 

45-9 

1-6 

98 

40-6 

41-8 

43-0 

44-2 

45-3 

1-6 

99 

40-0 

41-2 

42-4 

43-6 

44-8 

1-6 

100 

39-4 

40-6 

41-8 

43-0 

44-2 

1-6 

101 

38-8 

40-0 

41-2 

42-5 

43-7 

1-6 

102 

38-2 

39-4 

40-7 

41-9 

43-1 

1-6 

103 

37-6 

38-8 

40-1 

41-3 

42-5 

1-6 

104 

37*0 

38-2 

39-5 ! 

40-8 

42-0 

1-7 

105 

36*4 

37-6 

38-9 

40-2 

41-4 

1-7 

106 

35-8 

37-0 

38-3 

39-6 

40-9 

1-7 

107 

35-2 

36-4 

37-7 

39-0 

40-3 

1-7 

108 

34-6 

35-9 

37-2 

38-5 

39-7 

1-7 

109 

33-9 

35-3 

36-6 

37-9 

39-2 

1-7 

110 

33-3 

34-7 

36-0 

37-3 

38-7 

1-8 

115 

30-3 

31-7 

33-1 

34-5 

35-9 

1-8 

120 

27-3 

28-7 

30-2 

31-6 

33-1 

1-9 

125 

24-2 

25-8 

27-3 

28-8 

30-3 

2-0 

130 

21-2 

22-8 

24-4 

25-9 

27-5 

2-1 

135 

18-2 

19-8 

21-4 

23-1 

24-7 

2-2 

140 

15-2 

16-8 

18-5 

20-2 

21-9 

2-2 


• The table is based on sand having a specific gravity of 2*6. 

t The percentages of absolute voids given in the above columns include the space occupied 
by both the air and the moisture. To determine the percentage of air space, multiply the 
figure in the last column, opposite the weight of sand under consideration, by the percentage 
of moisture by weight, and deduct the result from the percentage of absolute voids already 
found. 


making the test, a series of results from the same sand are very 
concordant. 

In testing moulding sands hy this method it will be found that 
whilst the results made by the same moulder are very constant, 
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those* with rasc‘.s filiod by difTcTcriit inonl(i(‘rH (li(T(‘r so ^n^atly t.hat 
no comparison is possibles {i(*nc(% in t.cstin^ fn‘sh (l<‘liv(‘rics of 
saiul, it is important tfiat. all the* te‘st“ 
pie‘ce‘S sfiemlel he* ntaele* by the* niouI<I(‘r 
who is izouiix te) use* the* mat<*rial. At 
the* pre*se*nt sta^e* this te*sf. is of value* 
in wea’ks for the* inana^e*r's own use*, 
hut not for e*ompa,rison wiifi tfic re*sults 
ohtaine‘el h\’ othe*rs, the* eiifTe*r(*ne*(*s e)h 
taine‘cl f)y unconsciejus variations in 
manipulut iem la'in^ so ^re‘at. In a 
mociiiieaition of this te*st the* authe)r 
(*rHle*ave}ure*ei to substitute* air in j)lace* 
of wate*r, fait tlie* variatieuis in tfie* 
ame^unt of air pe*ne*tratin^^ throu^di the* 
same* filen-k at eIifTe*re‘nt time's, as we*!! 
as witfi (iitTe*re*nt te*sts ejf the* same* sand, 
made* the* use* of air af>fH‘ar impractic- 
afile*. ( \ P. Karr chums to fiave* edd.aine*el 
ceme‘e»reiarit results witfi air ley me*aris 
eif a similar apparatus, fad fie* tamps 
tfie* sanei f>y me*anH of thre*e* felows de* 
live*rcei fey a we’ight of I t If), failing from 
a hedgfd of 2 in. 

Sharpness. "Hie* sharpn<*Hs <if sand 
canrmt f>e* e*xpre‘Hse*d nunu'rically, fait 
a e*are*ful inicrose’opical e'xaminaiiem 
will usually e*nahlc the* re’laiive* angu 
larity of the* grains of twe» samplcH to 
fa* ceunpare’d in a fe*w iidnuie’S. 

Strength. The* me'itsurcimuit of the^ 
tc'nHile*, {*emipre*HHive*, aiiel tran.sveTHc 
strcngtlis is uwful in seum* cases, fait 
usually the value is ve*ry hnv and tfie* 
e*rrfU’8 of cxfa*rimcnt arc so great as to 
dcstniy the value of tfu* romlin. 

The* gr<*at«*sl elifliculty is e*xpe*ricnce*d 
witfi saneis whie*h are* practie'ally fr<*c 
freun clay, as tficsc have* no fiineUng 
powe*r, and the*re*f<m* a ma.ss of sucfi sand has little* or no 
stn*ngth, though that ed the indivielual grains may he* e*normous. 
C*onKe‘e|ucidi\\ te*stH of the* strength of sand are* usually limitcel to 
(a) impure sands e-ontaining a e’een.Hieif‘raf)le* propeirtion of ehiy 
such as mrmlding sands, and (6) mixtures of sand witfi Portland 
cement or iiiiH% su(*h as are* use*d in eonere‘te* and nmria.rH. A1 
though the* Iatte*r doe*H not sfieuv the* Htre*ngtfi e>f tfie* sand alone, 
it is oft4*n useful for eompiirative purpose's. 

The* rmnproHMiw Htrrmjih or re*sistane’(* to erunfiing may fa* 
de*tc‘rmim‘<i tiy aHce'itaining the* maximum weight wliiedi eaui fa* 
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carritnl by a culx^ of sand with 2-in. sidos, tin* W(*i| 4 iit btnni^ nppliixi 
in the form of a light aluminium {*ylin(l(‘r with a f)ase Inrgtn* than 
that of th(^ (*ul)(^ of sand. Water or imn’CMir'v is run into th(‘ cylinder 
until the culx^ of sand los(‘s its sluijx* : th(‘ waaght of tfa^ c‘ylind(‘r 
with its contcmts tlum n^prescmts tlu* pnsssun* applied to thc‘ euh(‘ 
of sand. So far, th(‘ results, though int(*n*sting, an* far from 
e.onstant with diflenmt bat(‘h(‘s of t he sann* sand, t hough (•onsecuiti vc* 
eub(^s mad(‘ frotn a small sample* yi(‘ld eoiu'ordant. results, ’’riu* 
eompr(\ssiv(* str(‘ngth of mi.xtunss of sand with e(‘m<*nt or lime* 
shouhl })(^ made* in a hyelraulie* pre‘ss de*signed for the* purpose*, as 
thc^ [)r(‘ssure‘ re‘e{uire*d is gre‘ate‘r than (*an he* applie‘ei ae‘eurah‘Iy 
by meuins of a siuiple* w(*ight. It is usually lu'tter to have sueii 
te^sts made* by an (‘X[)ert. 

The^ Zm/w/ww Hlrcwjth of a sand is de*teTmine‘eI by mnkiiig bars 

of the sand (‘aeh I in. sejuarer in s(*e*tion and 4.1 in. l(»ng. 'rh(‘se 

bars are^ plae(‘d on knifeoealge* supports, 4 in. apart and le)ade*d 
in the c(*ntre by me*anH of a knife*»e*eige‘ to wdiieh is attae-lied a small 

pan e>f ahnninium, inte> which shot 
eu* me‘n*ury may be* pemred. Ida* 
bre*aking stre*sH is re*porte*ei as 

pemnels, e>r fraetiems e)f a pound, 

p(*r sejuare* inch crews se‘etiemal are‘a 
ed the teHt*pie*e'e‘. d'his te»st is ve*ry 
de‘Iieate* em account of the^ lenv Htre‘SH 
r(*epnre*ei. 

Ane)th<‘r simple* me‘theai ed test- 
ing the* trans ve‘rse* strf‘ngth ed a 
sand is to make* a numbc*r <d te‘st“ 
pie*<'e*H I in. scpian* in crosH“Se*<*tiem 
ami about 12 in. leaig. The*y shotdd 
be* plaee‘d on a glasH plate anel 
graelually' pushe*<l ove*r the* c'dge* ; 
the* amount whieli oveu’hangs befeu’e* 
breaking is a rough ineaHure* ed the^ 
tranHve*rHe strength e»f tiie* sand. 

The* tensile Mrtmjih ed a sanel 
is dcte*rndnc*d bv phming a te*.Ht“ 
pie*eM* ed the shafM* shown in Fig. 
24, w*hie*h is maele* in a mould 

of suitable sha|H*. The rneadd is 

slightly" oiIe‘el ami place*d em an 
Fi(k 24.— d\awiI<U<*«t-pU?<M^ oiled [date ed glass or metid, and 

rmae* than suf!ieie*nt sand eu* mix- 
ture ' to fill the mould is f>ut in by me*anH ed a trejwe*! amt tani|>i*el 
carefully until the mould is filh*d eve*nly% and the* wate*r rises te» the^ 

^ It is seddom pessihle to eledenainc thi* fiajHiIi* of a edi’iia dry 

Htmel, <we!ea>t by mixing it with a eleditiitc |»ropf>rtimi of I’orthyai e'e*mi*ni and 

water aixd comparing the» temHiIe^ streiigth e>f the preahai with that ed similar 
mixtures composesd of other sands. 
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surface, giving it a shiny appearance. The superfluous paste is then 
removed by drav^dng the edge of the trowel across the top of the 
mould. Care should be taken that the mould is not vibrated 
during the test, or the strength of the test-pieces will be reduced. 

Moldenke employs a separable frame of hardwood IJ in. thick. 
This frame may have one or more spaces, so as to produce any 
convenient number of test-pieces at a time. Each space is loosely 
filled and heaped with the sand to be tested. The sand is then 
compressed with a hand-rammer to J in. over the top of the frame, 
and this surplus is struck ofl flush. Strips of wood the size of 
the test-pieces and exactly J in. thick are laid on the sand over 
the spaces and are pressed flush with the frame so as to compress 
the already slightly packed sand and make the test-pieces exactly 
1 in. thick. The frame is then taken apart and the test-pieces 
are ready for use. For mixtures of sand with cement or lime a 
brass mould is to be preferred. 

In testing the strength of sands, the proportion of water used 
in mixing must be taken into consideration. The eflect of diflerent 
proportions of water is shovm in Table LIX. by Moldenke. 


Table LIX. — Efeect of Water on the Strength of Sands 


Kind of Sand. 

No. of 
Samples. 

5 per cent 
Water. 

7i per cent 
Water. 

10 per cent 
Water. 

Dry Sand. 

Fine 

18 

0-13 

0*16 

0-15 

1-28 

Medium . 

10 ' j 

0-76 

0*22 

0-11 

1-68 

Coarse 

48 

0-42 

0*31 

0-24 

1*88 


The figure given is the strength of the sand in pounds per square inch. 


A large proportion of water in coarse sands is relatively more 
detrimental than with finer sands, as the coarser ones have a 
smaller surface area. 

If Portland cement is used as a binder the test-piece should 
be kept under water at a uniform temperature until ready for 
testing. If this is not desired, the test-pieces should be kept in 
a damp atmosphere for at least twenty-four hours before testing. 

The test-piece is placed between the jaws of a tensile machine, 
such as that shown in Fig. 25, and tension is applied by means 
of shot which is poured into a metal can until the test-piece is broken. 
The load at the time of breaking is noted and the strength of the 
sample reported as pounds per sq. in., or in other convenient terms. 
The various strengths of sands are usually compared with those 
obtained by using ‘‘ Standard Leighton Buzzard Sand.” 

Viscosity. — The rate of flow of a sand may be determined by 
passing a known quantity of it through an orifice of definite size 
and noting the time taken. Various sands may be compared in 
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this way, the time taken being a measure of the 
of flow It is essential that the same vessel f Sg 

™i+ the whole series of tests, as several factors, such as the shape 
of the cylinder, the nature of its interior surface, etc., can serious y 

affect t^ result (se experienced in testing sands and in 




CHAPTER VII 


PROSPECTING, MINING, AND QUARRYING SAND 
AND SAND-ROCKS 

In searching for sands it is of great importance that the prospector 
should have a good geological knowledge, so that he may know 
where to expect sands suitable for his, purpose, and what kind 
of sands are likely to occur in any particular formation. The most 
important general information of the geology of sands has been 
given in Chapter II. 

A rough idea of the situation of the sand deposits in the United 
Kingdom may be gained by a study of geological maps, such as 
those published by the Geological Survey ; more detailed informa- 
tion, however, can only be obtained by a careful study of the site 
itself, taking advantage of the clues provided by the hills, valleys, 
cuttings, old quarry faces, etc. 

In order to ascertain whether any sand deposit is likely to be 
of commercial importance, it is necessary to obtain the following 
information : 

The extent of the beds must be found by a careful study of 
the surrounding land. Any exposures of the beds, such as in old 
quarry faces, etc., should be examined to see whether the particular 
bed under consideration is present, and, if so, its thic^ess and 
whether it is readily accessible. 

The slope of the beds in different localities will give some idea 
as to their extent. Thus, if the beds are horizontal, they may 
extend for a considerable distance, whilst if they slope at a steep 
angle they may only be accessible over a very short area on account 
of the thickness of the overburden. In some cases it may be found 
that a bed becomes thicker in one direction and thins out until 
it disappears in another direction, or it may change in quality, 
being valuable in one part of the bed but quite useless in another. 

Faults, fractures, slips, hitches, etc., caused by volcanic or 
other action may have occurred in the district and may have 
broken up a bed, thereby causing trouble in prospecting for and 
in obtaining the material. Such occurrences must be carefully 
studied, their direction being recorded on a map drawn to a 
sufficiently large scale. 
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BOPvINCI 


In HOin<^ (‘ns(*.s ii may lx* found that a hu/ic' mass of rock may 
b(^ intru<](‘(I into a deposit, and ean'ful study is Hum n(*(‘C‘ssary 
in ord(‘r to (l(*i(u*min(‘ when^ tlie most aet'essible parts of th«‘ sand 
deposit li(‘. 

If th(‘ (k'posit is ii(‘a.r tli(‘ snrfaei* of the ground, it is iH*eeHsary 
to know what (puintity of overhurd<'n or “ callow Iu‘h above* tlu* 
l)(*d in diherent localities. '’Phus, in some parts it may be* only 
a few in(‘h(*s, whilst in anotli<*r part of the* propculw it may be many 
te.(*t in thickness, r(‘n<I(*rin^ the* winnin|j: of the* sanei much me>re* 
(lif!ie‘ult anei e‘e)Htly. 

It is the*re‘fe)re‘ ne*ce‘ssary in prewpee*ting a heel of e*lay to map e>ut 
eare‘fully the* whe>Ie* are*a in both hea’i/amtal anel ve*rtie*al dire*e*tions, 
inelieating u[)e>n the maps the^ ei<*})th e)f the* depeesit be*ie>w the grejune! 
in difTeu'emt le)ealitie^H, the* ine*iinatie)n of the* d(*pe)Hits, the‘ir thie'kiii(*Hs, 
and e)ther impea’tant infe>nnatie>n. By this me»anH the* value* of 
a de*pe)Hit may be^ aHe*(a-taiiu*el with seime* de*gre*e ed accuraew, anei 
arrang(mie*nts can be made*, for it te> be* \vea’ke*d in the* most e*ee)ne>mie‘al 
and remun(*rative‘ rnanner. 

It is d(*.sirablei to divide the are*a tee be* e*xaniine*d intee a eonsid(»r- 
able number of e»<{ual parts anei to make* a pit ea* beering {infra) 
in the centre^ e)f (*aeh. The* number e^f pits or borings may be* 
rennirniseal by a eareful (‘xamination of thcj eiepemit by other ine*anH, 
as Hindi heirings are*, very e^xiHmsive* and seiine |>artH may be* left 
unte‘Ht(‘(l in e)rel(‘r te> e(*e>nonnH<* e*x|M*neiiture*, l>ut it is impe^rtant 
not te) take^ too gre‘at risks in this <Ure*e*tion, othe*rwiH(* a de’posit 
may be found to run out afk‘r only a ve*ry short |H*riod of working. 
The^ remults eef any pits or borings maeie* sheadd la* not<*d upon the* 
maps of the*! el(*pe)sit, anei the^ spae*(‘s be‘twe*e*n tlie^ laaingH tillc*d in 
iis aeeairatedy as eir{annstanee*s p(‘rinit. 

Boring. Fe)r t(*sting eie*pemitH whie-h lie* at a e*e)nHiele‘rahIe* de»pth 
below the surface* the^ use* of senne* type* of boring a|)paratUH is 
neciessary. As th<*see are* e*ewtly, ree|uin* some skill in use*, ami are^ 
only wanted teunporarily, it is }a*tt4‘r te> f‘mpIoy a firm ed |>rofe*HHional 
borers who will elo the* w'ork for a definik* pne*e*. 

The*, apparatus uhc*(1 for making such borings c-ejnsistH ed a 
core drill, which is a long ttds% the^ lowc^r e*nd of whieh is fitk*d 
with a cutting (*dge* or, predc*rably, with diarnemds, ho iirriinge*d as 
to proeiueje a core whi<*h eain Ik* n*meive‘d e»ither in the* elrill or 
separakdy. They are usually Htark*d liy hand and are^ th<*n com 
tinned by inaehinery. 

The examination of the* mak*rial obtained by Iioring is by no 
means easy, m in the^ first place* the* |)asHag«^ of tool may I'anse* 
some admixtures of different strata and so proeiue'e^ an inc'orre‘ct 
sample. It is thereffon? tufce^ssary to take^ the* utmost pree^aiitions 
to obtain a representative? sarnpk*. Too itnudi e'lire? cannot be? 
takem to ensure? ae.cairaey in this re?H|H‘c*t. 

If the total le*ngth of the? ceirirs withdrawn doe?H not agre?e? closely 
with the depth to which the? boring tool is sunk, He‘riously e*rroneouH 
conclusions may lx? drawn. When a !K*d of a|)parently suitable 
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inuP‘riaI has bc‘(at foiuid, sa!n|>l(‘.s should b(^ tak(ui. from dificvrcait 
parts of th<‘ Ih'cI in the munrua- d(‘.s(*ri}M‘d on p. 234, and (uin^ully 
t(\st(‘d so as to dotiTinino thoir valuo for spcadal purposc^s. 

\'ario!Ls rou^di trsts may h(‘ a.ppli<*d on the Hj)ot in ordcu* that 
a i^onoral idea (jf tiir quality rd tlu* d(q)osit may b(^ obtairuaL '^Fhc’s 
appaarniHM* of a saiid (]). 2()o) may h(‘I|) sonuvwhat in (^Htirnatin^ 
its (piality, thouiifi it is not, alt.o^othcr ndiabk*. application 

of a littio hydr<H*hl(U'ic acid U) a small sainph* will nmdcr th(^ pnwmcc^ 
of any oahaum rai’bonat* obvious. (‘ompa(d;n(‘HH or friability , 

whirii to stuna oxtont dotcrmim's th<^ <‘a.s<‘ of working, may bc^ 
tcstad by diggiug with a .spad(\ or breaking th(^ stone, if it is a rex^k, 
with a hamm«*r. Other more detaikai tests, such as those; (h^scribccl 
(HI pp. 23o 2tlH, must als(» be carried out, th(‘. numlxu- and (‘xt(Uit 
d(»pending <tn the use to which tin* sand is Iik(*ly to b(^ put. 

Behu'c linally deciding to work a d<*poHii of sand or sandstone, 
it should always !«• te.spal sutlieiently exhaustiv(‘Iy, so as to Ixt 
perfectly sun* that tin* fpiality is satisfactory for tin* f)urf)OH(’! in 
mind, and tin* t<*stH should b(» carried out on a sulliekmtly largn 
seat* t(» render it n-aHonably e(*rtain that th(^ mat;(*rial will lx% 
satisfiU'tm’V tjn a etuniiH’reial seaJe. 

Preliminary tests on a small scale, if prop(‘rly ea,rri(‘d out, 
an* tlx* best means of saving <*osts in prosp(‘eting, aixl should alwayH 
pn‘eed(* lurg<‘r tests, Imt tlx* latter should rx*V(‘r Ix^ omitt<xl if tlK*! 
former give fnviairalde indications as to tlx* vahx* of tlx^ rnatcsrial. 
N(*gh‘et (d thin pre(*auti»m leads to tlx* wast(* (d (*norn[X)Us HuruH 
<d nxax»y i#y pnmpeetors and eapitulists. 

Ah the Hueeess nr faihtre (d the enterpris^^ may (eventually 
de|H*nd upexi the neeunxy with wlu(*h tlx^ prospixdaon and tx^stH 
havi* lM»en nxide, and tJx* reliability of the irxlhmtionH giv(m, it in 
wiw* to place the whole cd tlx* investigation in tlx^ hands of an 
ex|H*ri. This is tlx* »x»re rx*c*esHary as, evum wh(*n th(^ natun^ 
situation, and f*xtent of tlx* detxmitH ar<^ known, tluux^ live scwcu’ai 
liiglily important matters such as the planning cd tlx^ mine or 
cfuarry, preeautiems against llocxling, and tlx* disposal <d the ov(u*- 
hurden to l«* eoiisidiu-ed. 

The Icx'iition of tfii* site relative to tlx* market for tlx^ pnxlue.i 
is a further factor rec|tariiig consideratxm, as it has not infr(X|U(*ntly 
hap|M*tied tliiit a firm has suffenxl many ineonv(uu(‘ne(^H duc^ tn 
unsiiitald** loeation, when a litih* iix^re kmmd<*dg(^ (d tlx^ distribution 
and sale td the iiiitterial would have saved them much trouhh*. 

1‘he valuation nf a deposit of sand or Handstone must Ix^ haH(*ci 
upon fl| its size, (2) its loeatxm, (3) tlx* (^ost of bringing tlK-? 
mat(*rial to tin* place irlx*n* it will be UH(»d (t.r. to tlx? surfacte, or 
on to tlx* raitwiiy or boat, and thence to the* UK(*r), and (4) tlx? rate? 
at whieh it will be obliiiiied. Tlx* last factor is <*H|x*eialIy important 
to the purelifiser, an the prcHent value of a sand <lc*poHit, fx»rticmH 
(d whi(di c'finnoi lx* lined for some y(*arH, is ix*(!eHHarily difhu’ent. 
from whiit it would lx* if the whoh* (leposit were to lx* used up in 
a siriglf* year. Thus, if the pressent valix? in pounds ecfualH <\ tlx? 
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rate of interest for similar investments (usually taken as 4 per 
cent) the number of years required to work out the deposit = A:, 
the value of the sand or stone to be removed annually or the royalty 
paid per annum = V pounds sterling, then 

10 0V(A:'^-l ) 

For practical purposes this may be simplified into Table LX., 
in which the first column shows the duration of the sand or stone 
deposit, and the second and third the number of times the yearly 
royalty or the value of the sand removed annually (V), which is 
equivalent to the total present value of the deposit. 

Table LX. — Valuation or Sand Bed 


Duration in Years. 

Present Value. 

Interest at 4 per cent. 

Interest at 5 per cent. 

10 

8-11 V 

7*72 V 

15 

IMl V 

10*39 V 

20 

13*58 V 

12*46 V 

25 

15*62 V 

14*10 V 

50 

21*48 V 

18*13 V 

100 

24*50 V 

19*85 y 

200 

25*00 V 

20*00 V 


If R =the royalty in pence per ton, and T ==the average number 
of tons to be removed annually. 


V 


_RT 

“M6’ 


It will be noticed that the rise in value after fifty years is very 
small, and may usually be neglected. Indeed, few persons would 
give more than sixteen times the value of the sand removed annually. 
Even for the most valuable sand deposit and for most sands in this 
country the value of the ungotten material is not measured by its 
volume, but is very little larger than the agricultural value of the 
land. Thus a field containing an unworked bed of sand in a dis- 
trict where the agricultural value of the field is £30 per acre will not 
usually have its value increased by more than £20 per acre as a 
result of useful sand being present. In some localities where special 
conditions prevail a higher value will be placed upon the land. 

Selecting a Site. — ^When a deposit of sand or sandstone has 
been thoroughly examined and found suitable, it is necessary to 
decide upon the method in which it is to be worked and the manner 
in which the deposit is to be opened out. 
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PLANNING OF PITS AND QUAKPIES 

It is of great importance, before actually opening out a quarry 
or sand-pit, that the site should be carefully and skilfully chosen, 
as a mistake in this preliminary work may eventually result in the 
failure of a venture which ought to have been highly successful. 

A considerable number of quarries have been started on the 
wrong side of a hill, so that no advantage can be taken of the dip 
or lie of the strata. In other cases, the men work “ straight ahead ” 
into a hillside when it would be much cheaper to “ edge ” the hill 
and to work at right angles to the present direction ; this is 
especially the case where there is a thick covering of overburden 
or useless material. Sometimes a site is chosen which is suitable 
in some respects, but is, on the whole, inferior to another possessing 
a single drawback which could be overcome by a little ingenuity. 
Again, a site is sometimes selected near the top of a high hill and 
a long way from the railway or road, yet sand of the same quality 
is available much nearer to these facilities. In these and many 
other ways, the selection of a suitable site is of paramount 
importance. 

In selecting a site, special attention should be paid to (i.) the 
overburden, (ii.) the position of the dip and strike of the strata, 
(hi.) the drainage possible, (iv.) the water-supply, (v.) the haulage 
grade to crushers and from thence to the railway, (vi.) the position 
of the railway and the cost of a siding, (vii.) suitable sites for power- 
station, crushers, etc., and (vui.) the transportation facilities. All 
these items are of great importance, and if any one is wholly 
unsatisfactory, the site should usually be abandoned. 

The thickness of the overburden and the cost of removing 
and disposing of it very largely govern the value of a given sand 
deposit, for it is obvious that an excessive thickness of useless 
material cannot be profitably removed to clear a comparatively 
thin bed of sand. Hence, the site should be chosen so that there 
is a minimum thickness of overburden to be removed. Whether 
this can be done economically depends on the thickness of the 
underlying sand and on local conditions respecting the disposal 
of the overburden. 

The steepness or dip of the strata has a serious effect on the 
cost of haulage, especially if it is away from the face of the quarry, 
so that all the sand has to be hauled up an incline. Such down- 
ward-dipping strata also cause further trouble by acting as catch- 
pits for rain-water, unless a suitable system of drainage is installed. 

The Lay-out and Planning of the quarry or sand-pit cannot 
receive too much skilled attention, for much of the difference 
between success and failure in working sand depends on the 
efficiency of the system used. Each quarry or pit presents its 
own special problems, and unless the working is carefully and 
skilfully planned, and the local considerations duly taken into 
account, there is likely to be failure. 

In the first place, the stability of the quarry or jDit must be 
assured, and all necessary precautions to secure it must be taken ; 
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(>t,horvvLs(^ th<‘n* may at .s<)in(‘ tina* lx* a s(‘ri<>us landslip, and lives 
may lx* lost. 41i(‘ pr<‘<‘iH(‘ precautions to lx‘ takcui to ensun* 
stability depcmd on th(‘ l(x*ality, l)ut as a rul<‘ tla* width of the 
h(‘neh or })iatform sfiould lx* <*({ual to the hmgth h(*t.vv(‘en (*aeh 
hcmeii a,ud at haist half th(‘ ladght. 

14h‘ (pairry should i)(‘ made in th(‘ sid<‘ of a hill rath(*r than 
by (‘xeavatin^ lx*lovv tlic^ ground l(‘V(*h though in some (aises the 
latt(‘r is una-voidahle. TIk* {{uarry face shotdd not he worked t{> 
a h(ught of mor(‘ tluin 25 ft. at a tim<‘ ; that is to say t liat if a greater 
h(‘ight of face is dc'sired, it should hc‘ worked as two or mor(* separate 
b(aieh(‘S or suh4’a,(‘es, (‘aeh of wJiieh is not nior(» than 20 25 ft . in 
h(‘iglit. Fxe(‘ssiv<*ly high faecss an* not (‘(/onoinieah as they involve 
spcxaal pnx'autions to ensun* Haf(‘ty as wc*!! as tin* use of (‘xeessiv<*ly 
large* (*ranes, wdu<*h inen‘as(‘ tin* (’ost of working. 4'Iiese 

ohjeH’tions are avoid(‘d by working in seetions or lx*neh(*s of 20 25 ft. 
in luught. High fact's (’annot usually oe<*ur in a sand pit , hut ih(*y 
an* HometiuH^H found in sandstoiu* (|uarri(*H. 

sitt^ having h(‘(*n st'leeted as skilfully as pt)ssible, the man 
in (4iarg(‘ of tin* lay-out or working plan sliould ex<*reis(‘ Ins skill 
and ing(*ruuty in arranging that all the ojx'rntion.s in the (piarry 
or pit shall b(^ |)lann(‘d so as to avoid all im’thods that phu'c an 
unnecessary burden on labour. Thus, excessive n*handling <4 
material, complexity in transportation s^'sO'ms, and h»HH <4 time 
through (X)ntli(t of various operations slnndd he a vended. In 
many (aisc's this can lx* a(*eomj)liHh(*d by a, imxiiheation of tin* 
nuthod, involving no h(*avy (*xjK‘nH(*s in tlu* purc'IniHe <4* n(*w 
e({uipm(mt. In large* (piarries, (*spe(*inlly in the TniO’d States, 
hand mtdJiods an^ h(*ing largely HU|x*rHe(h‘d f»y meehunic'al mc«ans, 
not so much as a r(‘sult <4 a ]>ronoune(‘d sheuiage f4 lahour as 
h(HUUH(* th(‘ nu'cdianieal nu'thods an* {'h(‘ap«*r, (piieker, and pronujO* 
rapid in(‘n‘aHe in pnxiiu'tion. When lahour is cheap and pleniiftil, 
thc"! advantages <4 ni<*ehani(*al (‘<|uif)ment, partieularly in small 
quarri(w, an^ (|ueHtiom‘d by many (juarry owners, hid in large 
quarri(^H the advantag(‘H <4 nu*t*hanieal (*c|ui|inient an* generally 
r(tcx)gniH(*d. Tlu* adopti(ai <4 HU<*h ecpn|)inent has. howev<*r, Ix*c*n 
slow in many places. This is due to various eauses, tlu* chief <4 
whiedx are eonservatism, lack <4 infornuition on modern <*cpiipment, 
and lack <4 capital. In some Hand-pits ami sandstone f|uarri«*« 
in the British Isles the use of rapich working excutvaiing iimehinery 
would be quit(^ unjustifiable, lKu*auB(* the total quantity <4 Haiul 
or Htoru^ to moved in a year is so mueh less than the ouifuit c4 
the smallest size of machines. For instaiux*, a sh'ain navvy will 
seldom pay if thc^re is less than t(*n yc^ars* continuous work at three- 
quarters of its full capacity, or say a (|uarti*r c4 a millicm tons in 
all. For smaller outputs to be worth the? Installation c4 a inacdunc*, 
either labour must lx? seanx? ()r then? must lx* some* other eon- 
sideration, su(;h as the ncicessity for (completing the work as rafadly 
as possible, the (mst of which can be reco veered in the |)ricc? oldained 
for the sand. 
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A fruitful source of waste in many pits is the needless handling 
of material, owing to the sand being unloaded and reloaded 
unnecessarily, or to its being dumped in places that require excessive 
labour for its subsequent removal. Such excessive rehandling 
may be due to lack of equipment, to faulty design, or to carelessness 
and oversight, but whatever the cause, its effects on the profits 
are obvious. Such unnecessary handling is always costly, and in 
times of shortage of labour it is imperative that radical changes 
should be made to remedy such faults. 

In laying out a sand-pit, and especially a quarry, it is necessary 
to look well ahead and to consider what will be the effect of the 
present arrangements when the quarry has been working fifteen 
to twenty years. A further matter of importance is the “ weight x 
distance ” factor of all materials moved, which must be kept at 
a minimum. Many men in planning quarries pay much attention 




to the weight of the material to be moved, but they overlook the 
distance to which it has to be taken. In view of this fact, the 
disposition of the tram-lines or tracks leading from the quarry face 
to the works is a matter of great importance. If these are wrongly 
placed, either the men will be hampered in their work or great 
expense may be incurred in putting the tracks in a suitable position, 
or the cost of transport may be excessive. The ordinary method 
is to arrange a series of tracks radiating from the main line, or 
pair of main lines, to various parts of the quarry face (as in Fig. 26). 
In many respects this is a good arrangement, but it has the minor 
drawback of compelling the men taking trucks or wagons to the 
face either to wait until the track is clear or to throw the empty 
wagon off the line and reinstate it later ; the latter process involves 
unnecessary labour, delay, and damage to the wagons. By using 
double tracks, this trouble may be largely avoided, though even 
then it is sometimes difficult to secure a wholly satisfactory method 
of delivering empty wagons and removing full ones. 

When conditions permit, it is often better to arrange a track 
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along the quarry face and to have the material thrown into the 
wagons on this track. Some quarrymen object to this, because 
the tracks have so often to be altered, but in many cases this is 
less serious than is often supposed. When a steam navvy, grab, 
crane, or other mechanical loader is used, the arrangement of a 
track along the quarry face (Fig. 27) is by far the simplest and best. 

No one method is equally satisfactory in all cases, and the 
quarryman who would get the best results must exercise consider- 
able ingenuity and skill. 

The Position of the Machinery relative to the quarry face and 
to the spoil bank on which the overburden is tipped requires careful 
consideration. The machinery ought obviously to be placed in a 
position where it is free from all danger from landslips or explosions. 
It should also be placed in such a position as to be out of the way 
of developments of the quarry face, spoil bank, or railway siding, 
and yet convenient for the supply of power and readily accessible 
from the works. Here again no general rule can be applied to all 
cases, but it is usually wise to keep the machinery well in front 
of the quarry face and somewhat below the quarry floor so as to 
make full use of gravity. The distance between the quarry face 
and the machinery ought to be sufficiently large to accommodate 
the spoil bank, unless there is some hollow somewhere which can 
be filled with overburden and can never be required for any other 
purpose. A serious mistake which is often made in planning a 
sand-pit or quarry, is to place either the spoil bank or the machinery 
on good material, which cannot, therefore, be quarried, and is to 
all intents and purposes lost. 

It is an excellent plan to allow space for machinery capable 
of producing five times the anticipated maximum output of the 
quarry, as this allows of ample development, keeps the plant well 
out of harm’s way, and generally facilitates the working of the 
quarry. 

The chief Sources of Power in quarrying or mining sand, sand- 
stones, etc,, are steam, producer gas, and electricity, with com- 
pressed air or water (wave transmission) as secondary sources of 
power. The use of these in connection with drilling is described 
on p. 300 ; the power required for crushing, transport, etc., is more 
conveniently described under these respective subjects, and it 
must here suffice to state that in planning a quarry or mine, ample 
power should be provided, even though it is not all required at 
first ; as the works increase in output, it is then easy to proceed, 
whereas in the absence of provision for ample power the whole 
future of the property may be jeopardised. 

The other chief items requiring attention in planning any given 
site or quarry are: (i.) the floor; (ii.) the drainage; (iii.) the removal 
of the overburden or stripping ; (iv.) the methods of extracting 
the sand or stone ; (v.) the removal of the material to the crushers ; 
and (vi.) the position of the various accessories. 

The floor of the pit or quarry, where possible, should slope 
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away from the face, and its lowest point should, where possible, 
lie above the drainage -level of the surrounding area, so as to avoid 
the necessity of pumping. Where the nature of the strata permits 
it, an almost level floor is in every way preferable to a steeply 
sloping one. The arrangement of the floor so as to ensure good 
drainage is very important, and failure in this respect is one of 
the commonest causes of loss. If the beds are developed down 
the dip of the strata, accumulations of water may occur at the 
working face after very heavy rain, and cause a temporary suspen- 
sion of operations, with consequent loss of labour. If the beds are 
worked in the opposite direction, the water will drain away, and 
no accumulation of water at the face will be possible. Where the 
sand or stone lies in horizontal beds, the working is rendered very 
simple, as the smooth floor requires little or no grading or ballast 
for tracks, and track-laying may be accomplished with a minimum 
of labour. A smooth floor also facilitates loading. 

The drainage of a pit or quarry is a matter which should have 
more attention than is commonly paid to it. The wise manager 
will always endeavour to secure natural drainage as far as possible, 
and even where some pumping is necessary it is most economical 
to attempt to secure natural drainage for the site as a whole, and 
to pump the water from a sump or well, into which the water from 
the rest of the workings drains naturally. This can usually be 
secured with a little forethought and planning, so that there is 
a slight slope in the floor of the quarry towards one or more deflnite 
sumps or wells. Unless this is done there will be a series of delays, 
much slow working and some accidents, because the face and floor 
are too wet. The above precautions may seem to be an unnecessary 
expense, but the results are well worth the cost. In some old 
quarries Avith which the author is acquainted, it has even been 
found profitable to abandon the existing face and to reopen the 
quarry at a diflerent point, so as to ensure efficient drainage ; 
the lower costs of working the quarry under dry conditions rapidly 
paid for the cost of reopening the stone at a diflerent point. Where 
such a course would be regarded as too drastic, it is usually possible 
to work along the strike, i.e. at right angles to the dip of the strata, 
in order to secure natural drainage of the sections or benches. 


GETTING THE MATERIAL 

The methods of working deposits for sand vary very greatly 
according to the nature of the deposit. Sand-bearing deposits 
may be roughly divided into the following groups : 

1. Loose or slightly coherent sands. 

2. Harder rocks, such as quartzites, sandstones, ganister, etc. 
The deposits may or may not be covered by a certain amount 

of overburden, so that the processes of working will be described 
under the following heads : 
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1. Removal of overburden. 

2. Working loose sand deposits in open quarries or pits. 

3. Working sand rocks in open quarries. 

4. Working sand rocks in mines. 

Removal of Overburden 

In some localities where the overburden is thick, its removal 
involves problems in quarr3dng which are almost as great as those 
in connection with the removal of the sand itself. In most cases, 
however, it is not profitable to remove more than 6 ft. of overburden 
in order to obtain direct access to the sand beneath. 

The overburden to be “ stripped ” or “ ridded ” is usually 
of a relatively soft nature, and' can be removed either by digging 
by hand or by excavating machines, or, if sufficiently thick or 
accessible, by means of a steam navvy. If the quarry is near a 
watercourse, the ridding may sometimes be effected by washing 
away the material hydraulically with powerful jets of water applied 
by fire engines or similar appliances. In such cases powerful 
hoses are used, through which a stream of water 1^-2 in. diameter 
at a pressure of 40-60 lb. per sq. in. is directed on"to the material 
to be stripped, and the latter is rapidly washed away. If water 
is rather scarce, the product from the washings may be collected 
in settling ponds and the clear water used over again, but this 
method of stripping gives the best results when the waste material 
can be discharged into a river, or deep lake, or even into the sea. 
This is a cheap method, but it can only be used where there is an 
abundant supply of water and a large dumping area at a suitable 
level. 

The nature and amount of material to be moved governs to 
a great extent the methods to be used. The most expensive 
method of removing overburden is by pick, shovel, and wheel- 
barrow or wagon. These tools can only be applied economically 
where the overburden is very thin or the conditions are such that 
other implements cannot be employed. Under average conditions, 
a mdn may be expected to shovel into an ordinary wagon 20 cu. yds. 
of light sandy soil or 15 cu. yds. of heavy soil, well loosened, per day. 
In shovelling ordinary earth, a large number of experiments have 
shown that the most economical load for an average shovel is 
21 lb. The size of the load and the shape of the spade or shovel 
vary with the material being handled, and if these matters are 
properly cared for there is a possibility of increasing many a man’s 
output by about 50 per cent, as most men lift about 15 lb. on each 
shovelful. This increase in output comes partly from experience 
and industry, but chiefly by using a shovel of a shape suited to the 
work and seeing that the man is taught how to use it. 

In loading wagons, a man worMng under normal conditions, 
and using a D-handled shovel, will throw the following amounts 
in ten minutes : 
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nf VV'Ujitm 

:i ft , 

4 ft. 

4 ft. t) in. 

;■) ft. 

5 ft. f) in. 

(I ft. 

In caHiing onliiuiry <‘arih through a horizontal (lintanwi not 
(•X('(*<*(ling ft. a nuin will avta-agt^ IH .shovt^lfuls pta* ininuto. 

In loading wh<‘t‘I barrows or low (tarts without an (aid and not 
(‘xc(‘(‘ding a. height of 3 ‘i in., a man easting avetrago (tarth will 
luive an outpnt^ of about lo shovatlfuls pea’ minute. 

'rh«‘ influ(*ne(‘ of .s(»veral nnai on (taeh otlua* is important, and 
a good fonunan with a gang of e.ont(tnt(‘d nntn will g(d through 
nior<‘ work, and at (‘atth throw will (hdivtu* a largctr sliovtflful, than 
if th(* mtm an* dis(»ontent(*(l or isolatfsi. As th(t nunibta* of shovcdlers 
to (‘aeh wagon is inenaist'd above* four th(* avtu’age (dheitme-y will 
d(*(T(‘as(\ and if ten shovadktrs w(‘n^ <miploy(‘d on ontt trunk the 
average (*f!i<‘i(mey weudd not (‘xetttsl H 5 [xtr (*(‘nt. 

A eornx’t p(wition is (‘ssemtial in shovcdling, and it is w(tll worth 
wliili* to t(*aeh a, man how to dig and shovetl propctrly. F(‘-w 
labounu’s know how to move* tiuhr bodi(‘H, or to handle*. th(*. shovetls 
so as to make* the* work e^asy for thennse‘lve‘s and rapid for then'r 
(*mpIoye*rs. The mem .shoulel be* plaeaxl at th(‘ir work aeeording 
as the^y are* rightdiand or leftduind weirkeu’s. The^ rightdiand 
man easts his load from his right side*, w'hile*. the^ ledtdiand man 
throws from his left. Whewee [amsihle, the^ men should Ix^ trained 
to shoved edtheu* rightdiandexl or ledt-haneied. Standing elose*. u[) 
to the* mateudal, the^ man should bend his bae^k and his shouldews 
forward, not as in picking an artic'Ie* from the*. gre)imd, but se) that 
lie is wedl halaneexl e)n his fc*et, one) Ie*g being wedl in freint /)f the) 
other. In digging, the sfjade* should he pressed directly, thou 
lenvewed back and Iifte‘d horizontally with the lejael. In shovelling, 
on the* contrary, the) wrist of e>n(‘ arm shoulel be laid e)n the knee 
of tlie* front leg, and the othe-r kne'c shenild rest against the end e)f 
the* shen'e*]. The shoved is thrust into the* mass by the) me^voment 
of tlie* bexly, the* ed)je<*t b<*ing tei thre)W the weight of the* body inte> 
llie* medion UHe*el in thrusting the* sheiveh When the siH>ve)l is full, 
the* kne*c*.s and ba(*k are* Htraightene*eh without alte*ring the) positie^n 
of the* hands. 'Fhe* load is th(»n e’ast away by turning the boely 
when the* height and eiisianec* are not great. With le>riger thre)WH, 
the* arms must be* used to give the) shovel the ne‘ee‘,sHary me)tie)n. 

Scrapers. Apart from picks and she)ve*Is, anel wh(*n e)nly a small 
outlay of eapital is available*, a filemgh and Herap(*r are* among the) 
most e‘t!i(*ie*nt impk*me*ntH whie*h can be e)mploye‘el, on aeee>unt eif 
tlie*ir adapialHlitv anei <*e)mparative*ly eh(*ap working cost. The 
plough is ne*c'e*HHarv t(» loe>se*n the* (‘arth be'feax* the) serafx*!’ (‘an be* 
iille*d. A horse* drawn drag sc’rape*!* is more* suitable for close work 
and short hauls, and a whee*l s(’ra{H)r for ojX)n work and long hauls. 


V'oIunH' of Karth Uiniwri. 
1 **4 <*u. yds. 

I -aa 

1-2 

M 
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lias a iargia* capai'itv' than thr fornaa*, anci, h(*in^ on whonls, 
is niucii (‘asi(‘r for tlu* liors(‘s. Oia* }>Ioti| 4 h inovin|i fairly stnadily 
can l()os(‘n about 200 4(M) rn. yds. per day. Better results can 
usually 1 h‘ sis-unsl in v<‘ry hard or Lai^h grourul by a scairiticr 
drawn by a tra<-tor or ro]h*r, l>ut» in ground of tlii.s nat.un* blasting 
is usually inor(‘ ('conoini<*aI wh<*n tfu* d(*pt-h of the niat-erial to be* 
Ioos(‘n(‘d (‘,x(asals ‘L4 ft. 

H<)rs(‘“dra\vri scrajxa's have a gross cafjacily of 2, a, arid 7 cu. ft. 
and a nc't (‘fT(‘ctiv(‘ (aipacity of about (>0 p(‘r c(‘nt of th<*se (|uantitic*H. 
Eacdi s(‘raj)(*r will plac(‘ undcu- av(u*ag<‘ conditions dUdid cu. yds. 
of (‘oinpa(d»<‘d fill [xu- <iay, luit. a serapiT hnid<*d iiy a dragdin<» lias 
four tini(‘S this output. Ploughs and similar ap|>liane(‘s an* laily 
Huitabk* wh(*n* tfu* overburd(*n eon.sists of a relativ<‘ly soft inat4*rial 
hu(4i as “ soil/’ eday, or grav<*l 

Drag-line excavators, wliiidi <‘onsist c)f a rectangidar tray, 
or skip, with a cutting or scarifying deviix* at tin* front, arc* some- 
tinu'H used for removing overburdc*!!. The tray is susp(*ndc*d from 
an (*l(‘vat(‘d ropeway in such a mann<*r that it can be drawn along 
the* ground by a haiding rope* and can dig slightly into the ground 
and fill itst‘If simultaneously. As the* hauling nepe* may be* of any 
convemiemt length, a clragdine (*xcavator has a wide* range* of action 
and (‘an lx* us(‘<i on .sIop(*s as well as on lev<*I ground. Lragdiiu* 
(‘XC'avators an* not seriously ufTeeted hy water or floods, and tlu‘y 
(*an oft(*n work und(*r ('onditions whieh would be uii.Huitable for 
any oth(‘r form of m(*elianical ex(’nvator. This type of c*xeavaior 
is mon^ fully d(*scrib(*d in (‘onneetion with th(* working of loose* 
sand deposits (p. 2S2). 

Steam navvies an* the ('heap<*s( means (d (‘xeavating a thick 
ov(‘rburden. I'hey work most (‘fhci(*ntly in loose material whieh 
is suf!i<’i(*nt.ly thi('k to allow the* siiovel to make* a cut througliout 
the* greater paid of its stroke, as steam navvic*s are* not usually 
(‘economical when tliey cut or dig during only a small fractieui of 
the* stroke*. 1’hc*sc‘ machines are furthc‘r deserihed in eonneeiion 
with the* working of loose* sanel de*posits (p. 282). 

Grab excavators are* similar in many rt*H|M*et.s to a ste*ain navvy, 
hut inHt»<‘ad of the* hueke*t iK*ing force‘<i into the^ mate*rial fiy means 
of a powe*rful arm eu* boom, a “ grab *’ or ** e*humHhi*ll Imekct 
is Huspemeied from the* <*nd of the* jib, and as it dre^ps em to the* ground 
it digs into the^ latie*r. On tight4*ning the* afipropriate* rope*, thee 
grab is tilleHl, e4e)He‘d, and haule*(l u]i. The c'rane* the*n n*volves, and 
e^ve*ntually thee (U)nte*nts ed the* grab an* dise!iarge*d into fi tnu’k 
or wagon, (brnhs are d(*alt with more* fully in ilte* seetion on 
working loose sand de*pe)sitH (p. 2H7). 

Ladder excavators are a modifk'ation <d a we*ILknown de*vice^ 
known as a buecked e‘levator, and consist eHKC‘ntiaIly <d an enelIe*HH 
belt to whic'h is attach(*d a s(*rieH ed bueke*ts, e‘a<*h pren'idc*ei with 
a digging or cutting eelge*. The*y an^ more* fully de'Hcribe‘d in the* 
seediem on working loeiso sand eh^posits (p. 290). 

Explosives may UHe*d feir I(K)se*iiing rocky or othe*r hard 
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<)V(‘rhuni(‘n, and an* (‘nipioycai in a niaruK^r siiiiilar to that UH(‘d 
prior to cxcavatinijp hard .saml rock.s (p. 2115). 'Tlu* loo.s<‘n<Hl niatca’ial 
is aft(‘rwards Ioadc*d hy oik* of tlu* applian(u\s <I(‘K(a*ibcd al)ov(\ 

Tho cost of removing overburden and d(*Iiv<‘r'ing it into wagons 
may he (‘Htinuit(*d roughly from tlu^ following figur(‘s : 


liand shovi'I mid tippinf^ waj^on ...... ITal. pia* (ui. yfl. 

Stcani navvy and wagons hauled hy small laigino . . 8<1. ,, 

Steam navvy ami strippinjj^ eonvi'yoi* ndurning ov^erbuntai 

to disused workiuKH . ....... 4d. ,, 

I >ray:dine semper (to iondiriij; platform only) .... 4d. ,, 

Hydraulie stri piling * . . , . 2d. ,, 


j Tht^se hgiir(*H an* ((uite g(‘n(*ral in eharae,t(u% and h,ave< to b(i 

modified gr(*atly hc*for(^ thesv ean Ix^ appli(*d to Hornt^ (j Harriets. 

Th(* disposal of the overburden in a matt(4’ to whitdi mueli thought 
should he givt*!!, lH‘{*ause th(* n*moval fif th(‘ mat(*rial at a lattu* 
datc^ will add unn(*(*(‘SHarily to tin*, cost of working, ddiiw is a 
jireeaution wliieh ought obviously to h<* tak(*n fiy a.Il (juarrymen, 
y(*t it is surprising to find how ofh*n th(^ ov<*rburden is tipjKxl on 
vaiuahk^ (h^jioHits whitdi will Ix^ nxpunxl at soitn^ fut.un* dattu 

In sc‘Ie<ting a tip or dump, ean^ should lx* tak<*n that (i.) tlu^ 
mat(‘rial pla(H*(l on it (*an do no harm, and (ii.) it will uot in tiny 
way int(*rf(‘n^ with tlu^ futun^ d<^v(*lopm(*nt of tlx^ works. 

Sometimes it I^ays to earry lh(* “ stripping ’’ to ii natural vall(\y, 
hollow% or swartip wdiic'h will lx* ition^ ustdul if lilhul, hut usually 
th(* b(*Ht pla(*e for th(* ov(‘rburd(‘n is W(*ll behind or W(‘II to oiie 
Hi(h* of the works or lx‘tw(*(*ri th(^ works and tlu^ (juarry fae.(‘. 

For eonveying tlu*. Htripp{‘d material to th(^ tif), wh(x^I barrows, 
wagons, or <X)nv<^yor b<‘lts are us(‘d, but oecuisionally an ov(‘rhea(l 
rofx^way in (‘m|>loycul. Wb(*(*ll)arrow's ar<^ the slowc'st and most 
expemsive*, <‘x<xi|)t for very small quantitic^s ; (x>n v(\yor Ix'lts an^ 
(rh<^a|H^Ht if th<^ ({uantity to ix^ eonv(;v(xl is sufb(dent to justify tlieir 
iastalment and thc^ distance: is not too gnuit. For longer distaruu's, 
th(^ ehoicu* betwixui wagons and a rop<*way' must larg(‘ly d(‘pend 
on loeal (xmditions. 

When^ a wid(‘ tip is r<x{uin‘d to lx* made* by mcuins of a, rofx^way, 
j th<^ us(* of nx'king towers at (*ithc*r (*n<l of tlx* ropt^ may Ix^ a.n 

I ad vantage. An arrang(‘m(‘nt of this kirxi kru)wn as tlx* I Lirr'irigion 

rocking (*abI(‘W'ay is stipplicxl by tix* Itailway arxl Lxiustrial 
Fngirx'ering ( ‘o., (ireenburg, D.S.A. (Sex* also (tia-pUu* XI.) 

Work 1 NX i Dk posits ok Loosk Sand 

1dx* commonest metlxxl of working deposits of Iooh<^ sand in 
tiiis country is by hand, as most of tlx^ pits a,n* (xunparaiti v(dy 
small and hand labour is p(‘rhaps the. nxist <‘cx)rK)mie.ai mcxtns of 
getting tlx^ sand. Tbc^ mat<*nai is dug in prae.ti<*ally Dx^ sa-nx*. 
I manner as has fx‘(‘n dc‘Sfuub(xl for n*nx>ving tlx* ov(‘r[)urden (fi. 27S). 

I Tix* plough and Herap<‘r (p. 279) may sonx*tinX‘H lx* c‘mployc*<l, though 

I its use is somewhat rare. 
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Where the sand is to he removed on a sufficiently large scale, 
it is preferable to employ mechanical excavators, the particular 
type used depending on the nature of the deposit and the methods 
by which it can be worked. 

Scoops are not used as extensively as they might be in quarries, 
because they are insufficiently known, particularly in Great Britain. 
As the work to be done by them is very rough and heavy, scoops 
must, of course, be correspondingly strong, and the hauling or 
pushing mechanism must be sufficiently powerful. The scoops 
used are of two types : (i.) scoops hauled by a rope and known as 
“drag-line excavators ” ; (ii.) scoops pushed into the material and 
either lifted and moved away or so arranged that the material is 
forced on to an endless belt at the back of the scoop and is thereby 
removed. The buckets or dippers attached to steam navvies or 
ladder excavators may, of course, be regarded as scoops, but it 
is more convenient to exclude them, as they are described later. 

Drag -line excavators are sometimes quite satisfactory for excavat- 
ing loose deposits. As previously mentioned, they consist of one 
or more buckets with a cutting or scarifpng edge, which are dragged 



Fig. 28. — ^Drag-line excavator. 


over the ground by a rope and so scrape up a load of the material, 
the amount depending on the size of the bucket. Drag-line 
excavators are of two types : (i.) those in which the skip is hung 
from the jib of a crane and is hauled towards the body of the crane ; 
and (ii.) those in which the skip is operated by a ropeway. The 
latter have far greater range, though a skilled man operating the 
jSirst type can swing the skip 30 ft. or more beyond the end of 
the jib. 

In both types of drag-line excavators a high speed of operation 
and ample digging power are the most important factors ; flimsy 
apparatus is useless in this type of excavator. 

A drag-line excavator operated from a ropeway (Fig. 28) is very 
popular in the United States, and 'by its means the sand can be 
excavated, elevated, conveyed to the plant, and dumped in what 
is practically one continuous operation. 

Pusher-scoops are very useful for beds less than 3 ft. thick. 
They are self-propelled and can work their way through a mass 
of sand at the rate of 70 ft. per minute, moving a maximum weight 
of a ton per minute and dealing with blocks up to 9 cwt. each. 
They have not been used to any great extent in England, but the 
Myers -Whaley shovelling machine has met with great success in 
some quarries in the United States. One of these machines, requiring 
three men — a driver, a wagon coupler, and a helper — ^will do as much 
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work as twenty men with hand tools. The front of the shovel 
is so designed that it will reach 10 ft. to either side from the centre 
of the track. The machine requires 20 h.p. to drive it at full 
capacity ; either compressed air or electricity may be used. 

The use of a tractor for working a scoop offers considerable 
possibilities and is worth consideration in some quarries. The 
chief difficulty is that where the ground is so rough as to make 
a scoop practicable, it will soon wear out the tractor. 

In an American machine, made by the Pawling and Harnischf eger 
Co., of Milwaukee, U.S.A., a boom is fitted which, when digging, 
is horizontal, the scoop running along it away from the tractor. 
When the bucket is full, the boom is raised and the machine turned, 
so as to tip the material into a truck or other receiver. Another 
useful scoop is the Eapid-digger Co.’s machine (Eig. 29), which 
is hauled and discharged mechanically, but is guided through the 
material by hand. This machine can be quickly moved about 
under its own power ; it lias a reasonably long working range and 



I’m. 29. — Rapid-digger scoop. 


is, under favourable conditions, equivalent to the work of ten to 
fifteen men. 

Steam navvies (Eig. 30) are very satisfactory for digging sands 
which are sufficiently friable, and if there is a sufficient tlnckness 
of material to work upon. Eor effective work with a steam navvy, 
however, the quarry must have a long face, with a terrace or bench 
of sufficient width to accommodate the navvy and two sets of lines, 
for the wagons and the whole of the material must be dealt with 
''as it comes.” If much sorting is necessary — as when fissures 
or intercalations filled with clay or other materials occur — a steam 
navvy is of little use. For excavating or lifting shattered or broken 
stone, a steam navvy should be of suitable design and with a long 
range. Some of the most suitable ones will "clean up a quarry 
fl.oor ” as well as load from a high bank. In a properly arranged 
quarry of sufficient size to keep a steam navvy fully occupied, this 
machine will be found to work remarkably cheaply, for excavating 
either sand or a shattered rock, or for picking up broken stone, 
provided it has enough work to do. 

To work efficiently, a steam navvy must be able to work 
continuously for eight hours per day during five days per week, 
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and in most cases it is essential that the navvy should work during 
a considerable part of its stroke. To get the best work from a 
steam navvy, it must also be supplied with sufficient trucks or 
wagons into which it can discharge its contents, unless it is tipping 
overburden direct on to a spoil bank. The lack of sufficient wagons 
is one of the commonest causes of steam navvies being less profitable 
than is expected ; this difficulty is best overcome by frequent 
observations and detailed records of performance. Such records, 
if attended to quite promptly, are invaluable, as indicating irregular 
or other inefficient form of working. 



Ruston, Hornsby & Co., Ltd., Lincoln. 
Fig. 30. — Steam navvy. 


Overturnings are not frequent with steam navvies, but they 
are so troublesome and dangerous when they do occur, that all 
reasonable care should be taken to prevent them. In the smaller 
sizes of navvy the wheel base is extremely small, and if the base 
is swung with a load beyond the safe capacity for an increased 
angle of elevation, the machine may be tipped on its side when 
this angle is increased very slightly as a result of slight inequalities 
in the rail bed. Even when travelling on a straight track and with 
the axis of the boom parallel to that of the track, slight obstructions 
on the track are sufficient to cause disaster if the navvy is at, 
or near, its ultimate lifting capacity and its point of safe balance. 
Another source of risk lies in failure to keep in the best condition 
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the road over which the machine must travel. Frequently, in an 
effort at economy, light-weight or partly decayed sleepers and 
second-hand, defective or light rails have been used, resulting in 
an inconvenient and unsafe road-bed. If the road-bed is not 
kept in good condition and properly drained, it will become uneven, 
so that the navvy does not travel steadily and is very likely to 
overturn. 

If the driver cannot see towards the rear as well as all around 
the machine, people may be injured, particularly when it is turned 
on its table, or when it moves backwards. A pair of reflecting 
mirrors, similar to those used on motor-cars, help to eliminate this 
difficulty, if the mirrors are of sufficient size to afford an ample view. 
It is still better if the driver, when standing in his usual place and 
turning his head, can see behind the navvy, though this cannot 
always be arranged. 

Unless the makers or other equally skilled specialists in navvy 
construction are employed, no important parts of the steam navvy 
— particularly the boom — should be changed. Thus, the lengthen- 
ing of the boom immediately reduces the capacity of the navvy 
to handle safely the normal loads at a given elevation, whilst an 
increase of the steam pressure, to permit the lifting of heavier 
loads at greater boom elevations, introduces strains which may 
result in a sudden collapse. The failure of many crane drivers 
to realise the tremendous reduction in the safe capacity of a crane 
which follows any change in the elevation has resulted in the 
collapse of many cranes, and corresponding alterations to a steam 
navvy may have a similar result. 

A steam navvy may also be overthrown by making it travel 
at too high a speed along its track, rotating it on its turntable 
at a high speed, with the load swung to the full length of the boom, 
or by suddenly dropping the bucket from a considerable height, 
followed by a slight turning of the machine. 

Several devices have been attached to cranes and steam navvies 
to indicate when they are at the point of overturning and to give 
audible warning beforehand. The best devices of this kind are 
placed in the cabin close to, or in full sight of, the driver ; they 
are frequently supplemented by an indicator placed on the boom, 
which shows by means of a pointer the maximum weight which 
can safely be picked up for any given boom elevation. This 
indicator may also show the safe overload clearance of the boom. 

When the navvy is derailed no leverage action should ever be 
created by attaching the boom in an almost horizontal position 
to a track overhead, and then applying power to lift the navvy 
so that it may be swung again on to the rails. Such treatment 
introduces the severest strains to which the navvy could be subjected, 
and in addition to damage to the essential parts of the body, the 
housing of the hoisting mechanism and the anchorages of the turn- 
table may be torn apart in this procedure. 

Steam navvies, like other machines, require occasional repair 
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and continual maintenance, so that adequate platforms, steps, 
or ladders should be provided, from which oiling, adjustments, 
or repairs may be safely performed so as to prevent the repair 
men from being exposed to unnecessary risks of falling. 

Most steam navvies are now fitted with an over -hoist or over- 
travel stop that automatically arrests the upward travel of the 
boom and the bucket, if the operator fails to stop the machine 
at the proper time. Some drivers supply the power and calmly 
wait for the load to come in contact with the over-travel release, 
thus stopping the machine automatically. The danger of such 
an operation is evident, and it should be a matter of strict discipline 
to see that it is not made a regular practice. 

Every steam navvy requires to be lubricated in order to prevent 
wear from friction and destruction from rust. The lubrication 
of the cables is sometimes accomplished by a man standing on the 
trolley, who applies the grease as the cable is wound up. Sometimes 
the cable is all wound up and the top half of the drum properly 
greased. The bottom half is then greased after the drum has made 
half a revolution to bring the ungreased cable into an upward 
position. Another greasing device, attached to the top of the 
hoisting block, consists of a brush or collar made of soft wicking, 
which surrounds the cable and is connected with the tank in such 
a way that the rope in passing through the collar or brush becomes 
properly lubricated throughout its entire length. 

A steam navvy requires a small gang of men, and when worked 
properly and well supplied with wagons it can load a great mass 
of material in a day. Efficient service depends on strong mechanical 
construction, adequate care and management by a skilled worker. 
Inefficiency usually results from inadequate supply of wagons for 
the removal of the loaded material rather than from improper 
handling of the steam navvy itself. 

While the first cost of a steam navvy is high, with proper care 
the cost of maintenance is not excessive, and where the surface 
is fairly uniform and level a steam navvy is probably the best 
device for removing any sufficiently large quantity of material. 
In fact, four or five men with a steam navvy can load as much 
sandstone as forty-five men by hand methods. 

For excavating rocky material, a large and powerful navvy 
is needed, the ‘‘railroad” type being preferable, but for softer 
material and for smaller outputs, a revolving steam navvy is often 
more advantageous, especially if it is mounted on wheels or 
“ caterpillars,” so as to travel forward under its own power. As 
the smaller steam navvies are not as strong as the larger ones, 
care should be taken to select a machine of ample strength for its 
intended purpose. Thus, it may be more profitable to purchase 
a machine of much greater strength than is needed for the stripping, 
if it can be used later for loading the sand or stone. 

Although usually known as “steam” navvies, these machines 
may be driven electrically, and in many quarries the latter is 
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preferable as it saves the cost of hauling the coal to the quarry 
face. 

The saving effected by using a steam navvy as compared with 
hand labour depends on the proportion of the working day during 
which the machine is actually digging, and this, in turn, depends 
on there being a sufficient number of wagons or cars ready to receive 
the excavated material. The wagons or cars may often be run 
along the top of the bank of a shallow cut and kept moving in a 
continuous line, except for the delay caused by turning and then 
backing them up to the navvy, when this is necessary. 

Among the more important precautions in working steam 
navvies are the following : The boiler must be properly cared 
for and not fired too rapidly when it is full of cold water. It is 
important to clean the flues once a week or the boiler will not 
steam properly, and to blow off sufficient water once a day when 
the boiler is at about 60 lb. pressure. The boiler should be 
thoroughly cleaned once a fortnight. The cylinder cocks on the 
engine must be opened before starting, after standing for some 
time ; failure to do this may result in a loose piston or the knocking 
out of the cylinder head. When the engine is warm, the cocks are 
closed. It is desirable to open all the drain cocks and to drain the 
lubricator before leaving the engine for the night, otherwise in cold 
weather the water in the engine may be frozen solid by morning. 

To prevent accidents due to explosives being prematurely 
fired by sparks from a steam navvy, the following additional 
precautions should be taken : Before loading is begun, the steam 
navvy and locomotive should be withdrawn from the face of the 
quarry to such a distance that no sparks from them could, under 
any circumstances, be carried to the explosive in the holes, or on 
the ground above or around. If there is any danger from sparks 
or cinders, a canopy should be provided which will protect the 
explosive from flying sparks. A covered hopper may be used 
for black blasting powder. 

Where an unexploded charge is uncovered by the steam navvy, 
operations should cease until the explosive has been recovered 
and removed to a safe distance. 

Grabs (Fig. 31) are also very useful for working loose deposits, 
as they serve not only as excavators but also as loaders. A grab 
consists of a special device consisting of a container, the bottom 
of which is formed of two jaws meeting at the centre. The grab 
is hung from the rope or chain of a crane. The jaws are opened 
and the grab is lowered rapidly on to the sand or stones to be lifted. 
By its impact the grab penetrates into the material, and when 
withdrawn its jaws close and the grab carries with it a load (up 
to about 15 cwt.) of material. A pull on a rope reopens the jaws 
and the grab discharges its contents. 

Grabs are not very suitable for loose dry sand, as so much of 
it leaks out before the grab discharges its load. They are excellent 
for gravel, small stones, sand, and clay. 
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A serious objection to grabs is that they will not remove the 
whole of the broken sandstone from a floor and leave the latter 
clean, but they are excellent for removing large quantities of loose 
material if it is not too fine in character, the last portions being 
loaded by hand. 

The cranes used for grabs must be movable, so that they can 
be transported from place to place, and are preferably self-propelling. 

It is a great convenience if a 
locomotive or travelling cran^ is 
fitted with a revolving mechan- 
ism, so that the crane may be 
turned in every direction. 

Electric cranes are in every 
way satisfactory when the cost 
of electric current is not too 
high ; they work rapidly, and yet 
are very economical in regard 
to power, but they cost more in 
the first instance and also for 
upkeep and repair. The motors 
on an electric crane must be of 
the best quality and of robust 
construction ; a continuous cur- 
rent series - wound motor is 
better than a shunt-wound one 
or one with an alternating cur- 
rent, though the latter are 
regarded with satisfaction in 
some quarries. 

The stability of the crane 
in use is a matter of greatest 
importance, as more serious 
crane accidents are due to the 
crane being used outside its 
range of stability than to any 
other cause. The necessary 
stability is obtained in station- 
ary cranes by weighted fixed 
sleepers, to which the masts 
and guys are attached, and, in some cases, by a counterpoise so 
placed as to prevent the crane falling over in the direction of the 
load. In arranging the stability of such cranes, care must be 
taken to provide for sudden loads not strictly central to the 
crane, whereby the greater part of the load is thrown on to one 
leg ” or guy, or the stress is applied chiefly to one sleeper 
instead of equally to all. A common, and usually safe, practice 
is to use on each sleeper a ballast-weight equal to at least twice 
the load to be lifted. 

In locomotive and revolving cranes, the engine and boiler are 
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Fig. 31. — Grab discharging sand. 
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but should not h(* ndied upon for (‘xe(‘ptionaIly heavy W'rviisn 
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crane by (‘xeending them. 

Many of tin* motions of indsting, turning, tra velling, and varying 
th(; radius may be (*fT(*(d>ed t(»g(‘ther, and tln*n*l)y mmdi time may 
b(i saved. The following matters shotdd b(* eonsidered in working 
Jocomotiva^ (*rarn*H with grabs : 

{a) Wh(*tJn‘r tln^ load to b(* Iift(*d is too gn*at. 

{b) Th(^ |)OHHibility (»f the* grab b<*ing (ainght I)eiw<*(m stones 
and HO h(‘Id by tJn*m. 
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(f/) dieediing tin* load ve*ry sudelemly by the l>rak(* is aJways 
da.ng<*rous. 

(k) The* eondiiion of tin* tnu-k whe*the*r lervel, with ii high 
(*h*vati<m em enn* sieie, or e’urved nmst be eonsid<*red, 
as it has a gre*at etTe*e*t on the* tnovemenf. of tin* ('ra,in* 
and on the* loaels whie'h it is safe* la move. 

{i) Wln‘t}nT the* load is to he^ lifte'd with the main hoist hhndc 
or with a single* line. This involve*s a <‘areftd emi 
KideTation ed’ the* load and the* radius throughout the 
wdiole* mov<»rin*nt-.. 
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the crane and grab form a delicate and risky machine, for that is 
not the case ; at the same time, much of the difference between 
efficient and inefficient working is usually due to a number of 
simple, yet often neglected factors, such as those mentioned. 

Carelessness in fixing and working cranes has been the prime 
cause of many accidents, and, for this reason, care should be taken 
to employ only skilled crane drivers and to give them every facility 
for doing their work properly. 

Cranes are provided with either chains or wire ropes. Corrosion 
is not so serious with a chain as with a rope, and the durability 
is much greater, but, as chains are both costly and heavy, wire 
ropes are extensively used, and if well cared for are quite satisfactory. 
In estimating the strength of a chain, it must be remembered that 
this depends chiefly on the thickness of the metal and not on the 
size of the link. 

Whilst crane manufacturers can usually be relied upon to provide 
suitable pulleys, it sometimes happens that when a crane is purchased 
second-hand, or a broken pulley is replaced by a new one, the pulley 
or winding drum is of too small a diameter, and so puts too severe 
a strain on the rope. This may appear a matter of small importance, 
but lack of attention to it has been the cause of several accidents. 

In addition to suspending a grab from a crane, it may be 
suspended from a cable and operated by a single winding drum. 
The grab digs into the material, picks up a load, is hoisted and then 
conveyed along the cableway track, its load drops automatically, 
and the grab then returns to the starting-point for the next load, 
always under the control of the hoisting engineer. 

Ladder excavators (Fig. 32) are not used to any great extent 
in this country, but they are very useful and may profitably be 
applied in cases where there is a demand for an exceptionally large 
output — at least 3000 tons per week. As previously mentioned, 
they consist of an endless belt to which is attached a series of 
buckets, each provided with a digging or cutting edge. The 
buckets are placed at a suitable angle to the surface of the material 
to be excavated, and, as the belt rotates, each bucket digs into the 
material, is filled, carried forward, and eventually discharged into 
suitable wagons. If the belt is of sufficient length and the excavated 
material is overburden or spoil,” it may be carried sufficiently 
far to be tipped at the back of the workings, where it will do no 
harm, and the expense of wagons may then be saved. Ladder 
excavators can be worked satisfactorily on an almost horizontal 
surface. The driving and supporting machinery may be either 
above or below the material to be excavated, the former position 
being usually preferred. 

Hydraulicking. — ^Where the conditions permit, the sand may 
be removed by the use of a powerful jet of water, as in removing 
overburden (p. 278). 

The water, under a head of 100-600 ft. or more, is supplied 
through a pipe with a nozzle (Fig. 33) 2-10 in. diameter, according 
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to the amount of water required. The amount of water delivered 
per minute may be calculated from the following formula, due 
to J. J. Gerrard ; 

Water delivered in eu. ft. per min. =S-15dJ'P, 

where d is the diameter of the nozzle in inches and P is the pressure 
in lbs. per sq, in. P is also the effective head in feet x 04326. 


F. L. Smidth Jb Co,, Ltd., London. 
Fig. 32. — Ladder excavator. 


tilluvials Mining Machinery Co., Ltd., London. 


Fig. 33. — ^Nozzle, 
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Table LXI. shows the amount of material removed in twenty- 
four hours by hydraulicking, using nozzles of varying sizes. 


Tabi^e LXI. — Material removed by Hydraulicking (per day) 


Effective Head in feet. 

Size of Nozzle. 
Inches. 

Flow in cu. ft. 
per Min. 

Approximate Output 
in 24 Hours in cu. yds. 

100 


104-88 

160 

200 

2 

148-32 

230 

300 


181-61 

280 

400 


209-82 

320 

100 


420-06 

650 

200 

4 

594-00 

930 

300 


727-56 

1130 

400 


840-12 

1300 

100 


944-58 

1460 

200 

6 

1335-72 

2000 

300 


1634-08 

2540 

400 


1889-16 

2920 

100 


1679-82 

2600 

200 

S 

2375-46 

3600 

300 


2909-58 

4500 

400 


3239-70 

5300 

100 


2624 

4080 

200 

10 

3711 

5760 

300 


4545 

7050 

400 


5248 

8140 


Hydraulicking is employed in some sand-pits in America ; it 
is also largely used for placer-mining in connection with metalliferous 
sands. Thus, gold-bearing sand deposits are frequently worked 
by hydraulicking, the material being washed on to a grating or 
grizzly which separates the larger stones ; the sand then being 
conducted through channels to the separating tables, where any 
gold present; is recovered. Tin-bearing gravels, diamond gravels, 
and other placer deposits are also worked by hydraulicking in the 
same manner. 

Dredging. — In some cases the sand-bed lies below water-level 
and it is necessary to dredge in order to recover the sand. The 
best conditions for dredging are (a) soft even bedrock, (6) absence 
of boulders, (c) absence of any great amount of clay, (d) a depth 
of water at least 50 miner’s inches,^ (e) absence of hoods. 

The most suitable method for dredging such a material depends 
largely on its situation, one of the following being usually adopted : 
(i.) the bulk of the apparatus may be on dry land and the dredging 

^ A miner’s inch is the quantity of water passing through a horizontal slit 
1 in. wide and 24 in. long with water in a reservoir standing 6 in. above the 
hole. It is equivalent to 2274 cu. ft, per 24 hours. 
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effected by extending a dredger-bucket or scoop and drawing it 
back again to land ; and (ii.) the apparatus may be mounted on a 
boat of some kind ; when the hold is full, the boat is brought to 
the shore and emptied. 

Where the conditions permit and the water is not too deep, 
sand may be dredged from the bottom of a lake by means of a drag- 
line excavator of the Sauerman or similar type (p. 282), the supports 
being erected on the opposite shores of the lake and the material 
drawn up and dumped into bins on the works. Where this is not 
possible a flat-bottomed dredge boat is employed ; this is fitted 



J. Beans & Sons, Ltd., Wolverhainpton, 


Fig. 34. — ^Plunger pump. 

with a bucket-dredger or other means for drawing up the sand 
from the bottom of the lake. 

Bucket-dredgers mounted on boats or rafts are employed for 
recovering sand from below water-level to a depth not exceeding 
about 40 ft. The buckets vary in number and size, some of the 
largest having a capacity of 16 cu. ft. The cost of working such 
a bucket-dredger varies with the conditions, but is generally 
between Id. and 8|d. per cu. yd. 

Table LXII. shows the capacity of bucket -dredges of various 
sizes. 

Another very useful and convenient appliance is a sand-pump 
of the plunger (Eig. 34) or the centrifugal (Fig. 35) type. The 
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and the material is thus made accessible in an open working ; whilst 
in mining the overburden remains in situ and the material is cut 
from beneath it, the only portions of the overburden to be removed 
being that which is necessary to secure a good roof ” to the 
mining galleries. 

In most cases, sand-rocks are only mined when they occur in 
conjunction with some other, possibly more profitable, material. 
Thus, ganister is mined, as it occurs in conjunction with coal seams 
which are worked at the same time, and the two kinds of material 
are removed by means of the same shaft. It seldom pays to open 
mines specially for the extraction of sand-rocks, as the cost of 
making the shaft is usually prohibitive. 

In order to remove the sandstone from an open quarry, the 
first step, after the removal of the overburden, consists in loosening 
the sand -forming material, so that it may be removed to the wagons, 
etc., used to convey it to its destination. 

I40osening the Material. — The portions of the rock required 
for use must be loosened and separated from the main mass before 
they can be subjected to further treatment. Tor this ]3urpose, 
picks, wedges, crowbars, and hammers may he used in some 
localities, but unless the rock is very shattered,” or only small 
quantities are required, it is better to loosen it by means of 
explosives. 

Blasting. — Boreholes are drilled in the rock at suitable distances 
from its face and from each other and a charge of explosive is 
placed in each hole. On exploding the charge, the surrounding 
mass of rock is shattered and loosened, so that the greater part 
of it can he placed in wagons or on wheelbarrows and taken away. 
The largest blocks may be broken with, a hammer or with a small 
charge of explosive. 

It is important that the material should he removed in a wisely 
systematic manner so as to keep the quarry and working face 
in a state convenient for working, otherwise the future development 
of the quarry may be seriously hampered or even stopped. 

Although many rules have been proposed in order to increase 
the efficiency of the blasting operations, it is still a fact that better 
results will be obtained by an experienced, intelligent quarryman 
working without any conscious adherence to rules than those 
which follow from the efforts of some less experienced men who 
appear to follow rules closely. In deciding the best position for 
the charges of explosive, as well as the amount of each charge, 
judgment is more important than any rules, though the latter are 
valuable as rough guides to general ]practice and ought not to be 
disregarded without reason. The wise quarryman in charge of 
blasting operations will, in fact, regard rules as the summary of 
other men’s experience, rather than as inflexible commands. In 
short, the precise method of working should depend on local condi- 
tions, and as these differ in each quarry only a general idea can be 
given here. 
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The position of the boreholes should be selected in accordance 
with the natural joints or divisional planes of the stone, as in most ! 

cases these will determine the limit of the effect of the explosive || 

by providing a vent through which the explosive force will escape. y 

For this reason, it is obviously wise to drill across the horizontal \ 

or inclined joints or planes of fracture and not along them. As 
the greatest effect will be obtained if the explosive meets with an 
equal resistance in every direction, this position should be chosen 
where such an effect is desired. Hence, the depth of the borehole ^ 

should usually be equal to its horizontal distance from the face, 
though much will depend on the structure of the stone, the number, 
size, and position of the joints in the interior of the rock, and the 
tendency of the stone to break along particular lines of weakness. ;; 

When very large quantities of rock are to be shattered at once by i 

means of a single, heavy charge, it is particularly necessary to ? 

find a part of the rock of great uniformity, as if this is not done | 

there will be a serious waste of explosives owing to much of its I 

force being dissipated along joints, fissures, and cleavage planes. 

It is often advantageous to prepare a number of boreholes and 
to explode them all at the same time, as the effect is thereby 
increased if the holes are not too far apart. It is often difficult 
to decide whether a single large charge — constituting a ‘‘ chamber 
charge ’’ or '' mine ” — ^is preferable to a series of boreholes fired 
simultaneously. i| 

The size of the boreholes depends on the explosives used ; with 
gunpowder, holes 1 in. or in. diameter are usual, but for dynamite 
smaller holes may be used. Very narrow holes are not advisable, i 

however, as they are difficult to charge properly. Boreholes more 
than 3 ft. deep are usually 2 in. or more in diameter for the upper )' 

part and 1 in. diameter for the last 3 ft. The holes should be truly I 

circular and cleanly bored. Before use their exact size and depth 
should be tested by inserting a suitable testing-rod. 

The depth of the borehole should not extend to a horizontal 
joint or plane of fracture. Where there are two free faces to the 
rock to be blasted, a horizontal line from the borehole to the nearest ( 

face should be about two -thirds of the depth of the borehole ; j 

in some (unusual) circumstances very deep boreholes relatively 
near the face would be justifiable. ' 

The toughness of the rock is also an important factor, as a tough ^ 

rock with few seams or bed planes tends to break into large cubical 1| 

pieces requiring excessive secondary blasting. The best method i 

of dealing with such rock can usually be determined only by | 

experience, though much may be done by varying the diameter 
and spacing of the drill holes, or the amount and nature of the 
explosive. 

An examination of any quarry where an excessive amount of 
secondary blasting of the large loosened blocks is required will ^ 

show that it is largely dependent on the skill employed in the 
primary blasting. For instance, an improper arrangement of the 
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drill balancing of or th(^ uh(‘ of too powerful 

or too weak nn explosive^ inay n*.s!dt in a xvvy irudHcacait blant and, 
as a e(»nseq!ieae(\ the loading nia}' Im* ^rc*atly iiarnfHnxah particmlarly 
wliere many lar^^e eharjj:es an* fir<‘d .sitnuItan(‘ouHly in decq) (vhurn- 
drill holes, the mass of roek thrown down (xampying thc^ lillorB 
f(n* s(*veral weeks or even months. If tin* roek is imp(af(Kdly 
shattered or improperly tfirovvn down, (‘xe(\s.siv{5 scHumdary blasting 
may ly required and the filling of t-la^ wagons may be. both slow 
and diOicmlt. (hi this aec^ount it is a falsi^ (‘conomy, both of money 
and labour, to place imexfK'rieneial imm in ehargc‘ of thc^ blasting. 

Drilling the boreholes is a matter napiiring eonsidcu’ablo skill 
and <‘are, ns a faulty hole may <‘a.UH(‘ a sinaons acaadent. The 
fiorelades may he made in s(‘V<*raI <lifT(‘r(mt ways : (i.) by hand, 

(ii.) by augers or screw drills turruxi by hand powe:r, with or without 
a ims'hanieal feeding aj)plianee, (iii.) by rotary powcu’-drills, (iv.) by 
penmssion fiower drills, and (v.) weibdrills! Th(‘ Inhght of the. 
fa<’e, the depth and diameter of tln^ hoI<*s, the* hardn(‘ss of th,(‘. roc-k, 
cleavage and wetness of strata, tln^ nee<‘ssity or advantagi^ of 
sp(‘ed, and other cemditions, vary so niueh that tluax^ is no Hingl<‘. 
system of drilling which can h<^ usiai (‘X<-lusiv(‘Iy to th<^ h(‘st advantage 
in all (*ases. 

Wlnm the amount of drilling is sufh(‘iently large, the eiKaipi^st 
method is hy means <»f a pneumatie hamnuu*, a wavcetransmissiori 
devie(\ or oth(»r poueralriven applianei* ; Imt vvduun* pow(n* is not 
availahle the much slower hand-drills arc^ uH(‘d. Tlu^ old hand- 
drill or jumper will always he of H(n*vie(^ wh(‘r(^ it is di/Hcult to 
supply air or steam, es|H‘(‘ially for small holes and to (Ic^pths not 
exeecMiing 15 ft. The tools rmpiinsi for this work ar<^ a bdb. sledgo- 
hamnier and three drills or spuds, varying in length from 5 to 4 ft, 
for the Hliortest, up t.o Ibd2 ft. for the longc^st. It is neicessary 
to have these lengths to suit ihi* ('onv(mi<m(u'^ of th(‘ men as tlui 
hole deefams. Tlie drills are of tool steed in. in dianuder ; 

the lower end is sonief ime.s drawn out to a fan-shapexl hit or (iutting 
point. A buc’ket of water, a dipper, a brush or “ swab,” and a 
seraper for (denning the drill an* also needed, ddn; drilkn-s usually 
provide their own swabs by cutting a young sapling ([indcu’ably 
of hicdoiry) mi imdi or so in diamet(‘r an<l about H) ft. long ; prior 
to using it oiH* (‘iid of this stiede is Ixaitiui with th<^ Hkalgce-liamnnu’ 
HO as to fray it for a I<*ngth of (bH in. and to (amviu’t it into a rough 
hrush. 

in drilling a v(*rti(*al hide* by hand, oiu^ man ukch the*. Khalgc^- 
hainmer, mnithm* holds th<5 shortest drill at tlu^ point scdcattcal 
for boring, llie man with the* sledge-hammer (eaJled the^ strikeu*) 
strikes the* drill with epiiek sharp hleiws, and tlie driiku’ raisers tlie. 
drill a sheirt elistaiiee beetw'eeen e‘aeh blow of the Hle*dge and, during 
ihe^ Hame* interval, twists the drill through an angle* of 50-40 de‘gr(‘<^H. 
Kaedi twidve blows, theTe‘fore*, emt the* bottom of t.he^ hole^ oven- 
its <*niire* areui, ('re’aiing mime-rem.s small ehips of looseme'd ro(d<. 
This pro(*e*dun* is ('ontimu*d until sewamal inediess of ro(d< havet f)<*e‘n 
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drilled. A little water is now poured down the hole and the brush 
end of the swab inserted, and after moving it up and down several 
times, it is withdrawn laden with the newly made mud. The swab 
is then given a sharp blow or rap over a block of wood or a stone, 
thus freeing it from the accumulations. A little more water is 
then added and the work proceeds until a hole of the desired depth 
is reached, usually not exceeding 10 or 12 ft. The hole is then 
dried and cleaned out as carefully as possible by pouring down a 
handful of dry dust and withdrawing it in a spoon or scraper, 
this “ dusting ” being repeated as often as necessary. In wet 
rocks, or those permeated by water-bearing seams, this “ drying- 
out ” is very difficult ; it may be avoided by using a cartridge 
of oiled or soaped paper, which will slip down the hole quickly 
and permit a shot to be fired before the water soaks through the 
paper. 

Drilling by hand, using a l|-in. drill in fairly hard stone, costs 
17d.-23d. per foot. Three men will not usually drill more than 
15 ft. per day with a l-|-in. drill. 

An awger or screw drill (Fig. 36) is limited to rocks of about 



Eardy Patent Pick Co., Ltd., Sheffield. 


Pig. 36. — ^Auger drills. 

the hardness of coal and is not really applicable to hard rocks. 
The simplest form of this drill is fitted with a double brace or 
handle devised for rotating the auger, the man using both his 
hands to maintain the motion, and his chest to supply the pressure 
of the drill against the rock. This simple form is only applicable 
to very soft materials ; for harder rocks, a frame is fixed between 
the floor of the quarry or mine and some point above, in the face 
of the rocks or in the roof of the mine, and is braced in position 
by screws and guys. The auger is mounted on the end of a long 
screw or threaded steel bar, which is passed through a nut or female 
screw fastened in the frame. By turning the screw, it feeds itself 
forward at the rate of about in. per revolution. The turning 
is effected by a crank or handle on the end of the screw or by the 
intervention of gears with two or three different rates of motion, 
if the rock to be drilled is fairly hard ; the power is supplied by 
the driller himself. A man will drill a 3-ft. hole l|-2 in. diameter in 
ordinary rock in twenty to thirty minutes, and often much quicker. 

Auger or screw drills are of good service in mines where the 
roof or floor offers facilities for fixing them in position. They will 
bore holes at almost any angle, but most easily when horizontal. 
They are used, but not so handily, along the floor of a bank in an 
inclined position, and for making horizontal holes or holes inclined 


innsim uniLLH - ^ 

(hnvnwaniH. 'Fhav an* sc'Idoia sat isfactory tor !K>rin|^ vertical ludes 
in n|K*n uorkini^s. 

Kotanj jintrvr (I rills aial pvrnisHitni poirrr drills ar'e nidy umkI 
in the larger works, though a, rotating drill driv<»n hy ecmipreiHecl 
air will liore .small holes faster tliaii any oth<‘r drill. Part of tla* 
(‘xhaust from tiies(‘ little ina(‘liines eau h(‘ turmal down through 
the* liolhov di*ili to hlow t h<‘ eat t ings fnan t in* Imles. ( )r<linarily, 
li“in. holes, md mon* than h ft. in depth, an* tJie largfsst- which eari 
1 h‘ mack* hy tlie smaller .sized hamm(*r-rotat ing drills. For tiu* 
}>est residts thesi‘ drills require ahout* oO cu. ft., of fre(‘ air per 
minute, under a pre.ssure of SO 
100 Ih. per s{ I nan* imdi. Rotating 
hammer drills are (»speeially vain 
ahl(* where there arc* .srj many large 
pic*e(‘.s to he* hroken. 

P(‘reussion drills inelmh* tho.se* 
ojMU’atc'd hy eount(*rpoi.s<* W(*ights, 
el(‘etrieity, or otliei* simple* .soui'ce 
of })owei% pncmmatic* hammers and 
drilks <»p<*rated h\' eompn*.s.s(*d air, 
and the drills op(‘rat(si [»y esuu 
pre.s.sed liepdds (wave tramsmi.s 
sion). 

St(*Hm (Fig. 37) cu* air tripod 
drills an* .suitable for vertical, 
horizontal, or inelinc'd horehedes 
up to 4 in. diametc*!'. I)(»pthH 
greater than ft. (*an he* naiehed, 
hut the haig rod.s n‘cpiinsl fca* 
d(*ep<n* hoh*s arc* diflieult to handler 
Ihider good eondition.s one* of theses 
drills will hcu’c* a vertical hole* fiO* 

00 ft, <le(*p, CU’ a horizontal hole* 

20 r>0 ft. in I<*ngt h per day. For Kiu. ;i 7 . Tripcul drill, 

drillicig fairly hard rocks, a, ehi.sel 

or drill with a fairly ac-nlc* angle* slmuld he* usc*(l, hut if the* Htom* is 
soft , a drill c^f wide* angle .slmuld he* u.sed, as an acute drill will hc^ 
jammed in .soft roek l)(‘eau.sc‘ the* drill p<*nc*t rat<‘s faster than tlic^ 
loose* material c'au he* (*l<*ar( d away. 

Fen* rough ground which will not pe*rmit the* use* of a we*Il drill 
e>r Ie*dge l>lasting a tripod elrill may he* founel v<*ry .sati-sfaeteiry. 
Tripoel drills re*epure* twe» ine*n e*u(*h, a, rtnine*r and a lH*lp<*r, though 
in some* enr<*umHtanee*.s one* hf*Ipe‘r i.s de'cmc'd Hed}ie'ie*nt for twee drills. 

Piieumatie* hamme*r drills (Fig. 3H) an* ve*ry use*ful portable* 
mae’hine*.s. l’he*y eon.sisi ed a e*ylinde r titte*d wit h a plunge*r having^ 
a stroke* of ahemt in. ;\tta<*hed to the* plunge*r is a, .slieh* valve*, 
HO arrange*d that when the* plunger is at one end of the* eylindar 
eompre.H.se*eI air e*nte*r.s fs'lnnel it anel drive's it forward to the* other 
e*nd, at the sanif^ time* ele>.sing one valve* aial eepeming arieether which 
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reverses the motion. At each forward motion the plunger strikes 
the drill head and diives it into the rock. Such drills are capable 
of 800-1000 blows per minute and will drill very rapidly. Many 
different patterns have been patented, but they all work on the 
same general principle. They can be operated by one man and 
so require less labour than tripod drills. 

The power used in working percussion drills is usually steam 
or compressed air, but water (wave - transmission) offers great 
possibilities. 

Air compressors' (Fig. 39) are of three chief types : (a) the 
horizontal slow-speed, (6) the vertical quick-revolution, and (c) the 




Hardy Patent Pick Co., Ltd., Sheffield. 

Fig. 38. — Hammer drill. 

turbo-compressor. The durability of type (a) and the ease with 
which it can be repaired and adjusted makes it popular, but it 
requires large foundations and buildings. The vertical quick- 
revolution type has the advantage over the horizontal type as 
regards the space occupied, but the general inaccessibility of its 
parts and the heavy cost of upkeep are against its wide adoption. 
The turbo -compressor is chiefly used for very large plants. The 
efficiency of the turbo -compressors has been greatly improved, 
but even yet it is questionable whether they are as efficient as 
reciprocating compressors. Moreover, in actual practice, com- 
pressors are often run much below their full load, and the efficiency 
of the reciprocator under these conditions is much higher than that 
of the turbo-compressor. 

Full details of the construction of each type of compressor 



AIR COMPRESSORS 

need not be given here, as they can be readily obtained froi 
manufacturers. In selecting a compressor the following faui.„. 
should be considered : 

(i.) The primary power used for driving it must be reliable 
and efficient. 

(ii.) The suction stroke of the compressor should, throughout 
its length, fill with air at atmospheric pressure. 

(iii.) On the compression stroke there should be no loss of an- 
as a result of the inlet valves closing too late, nor should there 
be any leakage back ; the whole contents of the cylinder, less 


Ingersoll-JEtand Co., Ltd., London. 

Fig. 39. — Air compressor. 

the minimum clearance, should be discharged through the outlet 
valves. 

(iv.) The outlet or discharge should have an opening of ample 
area ; it should open automatically on the requisite pressure in 
the receiver being reached in the compression-cylinder, and the air 
should be discharged at a pressure as little above that in the receiver 
as possible, as an excess of pressure causes a rise in temperature 
with an increase in the volume, requiring a corresponding increase 
in the work necessary to compress and discharge the air. 

(v.) The discharge valves should have sufficient width of seating 
to ensure their keeping quite tight, so that no loss may take place 
by a leakage back into the cylinder. 

(vi.) The valves should be self-adjusting at all speeds and 
pressures. 

(vii.) All valves and the piston should be easily accessible for 
examination and renewal. 

(viii.) The compressor should have full volumetric efficiency. 
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(ix.) Wear and tear should be reduced to a minimum. 

(x.) An efficient unloader must be fitted. 

(xi.) A good fly-wheel and an efficient governor are ^sential. 
(xii.) In two-stage compression the efficiency depends upon 
the intercooler, which should keep the high stage intake air at the 
same temperature as the lower stage intake am, and air-cooled 
to within 20° F. of the temperature of the entering cold water. 
The supply of water for the intercooler should be"^! gallons per 
minute per 100 cu. ft. of free air; more water is an advantage if 
it is available. 

(xiii.) The receiver should be placed within 40 ft. or 50 ft. 
of the compressors, its use being (1) to eliminate pulsation effect, 
(2) to minimise the frictional loss attending the flow of the air 

in the lines, (3) to serve 
as a reservoir, and (4) to 
cool the air and cause it to 
deposit its moisture. 

(xiv.) The receiver must 
be of ample size (one or more 
auxiliary receivers near to 
the face often effect a sav- 
ing) . By adopting a receiver 
of large capacity the com- 
pressors can run at a con- 
tinuous speed — the pressure 
being retained for a longer 
period with greater power, 
and the periods of mini- 
mum demand are utilised 
by the compressors in fill- 
ing up the receiver and 
increasing the efficiency of 
the plant. 

Compressed liquids are chiefly used for the wave-transmission 
method invented by C. Constantinesco, and used in the machines 
supplied by W. H. Dorman & Co., Ltd., of Stafford (Fig. 40). 
Wave-transmission may be briefly described as a mode of conveying 
power by a series of impulses, imparted to a column or pipe line 
of fluid, usually water, by a very simple generator coupled to a 
steam engine or other prime mover. These impulses or waves 
travel at the same speed as sound and they can follow each other 
at any desired interval. The great advantage of wave-transmission 
as compared with compressed air is its economy of power, which 
in the end, of course, means a saving of cost. In working a rock 
drill, for example, wave-transmission delivers eight times as much 
power at the rock face as compressed air, with the same input 
of power. The difference represents, roughly speaking, a saving 
of 70 per cent in power. 

There appears to be an enormous future for wave-transmission, 



W. E. Dorman cfc Go., Ltd., Stafford. 
Fig 40. — Wave-power generator. 
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which will count as one of the big engineering advancements of 
the early twentieth century. 

Explo^ves^,-^Tlie explosives used in blasting sandstone, etc., 
are of variSus kinds, and considerable care and skill are needed 
in their se|pction. Eor very soft stones and merely for loosening 
large blocks, gunpowder or other relatively slow explosive applied 
in fairly large* quantities is the best ; but for hard stone which is 
to be reduced ^o. small material an explosive containing dynamite, 
or one of the modern safety explosives, is more suitable. On the 
whole, dynamite and other high explosives are preferable where 
a heavy shattering effect is required. 

The practice of drilling a hole, enlarging the base by first 
exploding in it a charge of gunpowder, and then filling the enlarged 
hole with a more powerful explosive, is economical, as it reduces 
the number of holes required, but it is accompanied by serious 
risks, especially if the first charge has not been completely exploded. 

The amount of explosive required depends on (1) the kind of 
explosive used, (2) the depth of the borehole, (3) the line of 
least resistance. It is roughly inversely proportional to the number 
of free faces of the rock to be blasted. Thus, a rock with two 
free faces will require only half the explosive needed for a rock 
with only one free face ; a rock with six free faces will require 
only one-sixth as much explosive, and so on ; another useful 
rule in calculating the amount of explosive required is to divide 
the cube of the depth of the borehole by 25 ; the quotient is equal 
to the number of pounds of gunpowder to be used in each charge. 
Thus, if the borehole is 3 ft. deep, the cube is 27, and this divided 
by 25 gives 1-08, so that rather more than 1 lb. of gunpowder 
should be used. For very large blasts, the maximum amount 
of gunpowder to be used is about 1 lb. for each 3 tons of rock, but 
for some rocks as little as 2 oz. per ton of rock may suffice. In 
many instances there is a serious waste of explosives, due partly 
to using too much in each charge and partly to wrong distribution 
of the borebioles. The object in quarrying is to rupture and loosen 
the rock, not to hurl it a great distance ; hence, only enough should 
be used to accomplish what is required. Where much of the rock 
is thrown a great distance, it is evident that too large a charge 
was used. With very hard rocks it is difficult to avoid this kind 
of waste. 

Charging the boreholes requires great care. When gunpowder 
is used, the hole should first be tested as to diameter and depth ; 
it should then be wiped clean and dry with a cloth on the end of 
a rod. A little of the gunpowder is placed at the bottom of the hole 
by means of a zinc funnel, a piece of fuse ^ with a blasting-cap 
is inserted, the remainder of the charge is then poured into the hole, 
and a paper wad pressed on top of the charge by means of a wooden 

^ Electrical detonation is safer than the use of a fuse. Some quarry 
managers employ both a detonator and a fuse, in the hope that^ if the former 
fails, the latter will explode the charge. 
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rod. The hole is then filled gradually with air-dried clay, or fine 
dried sand, which is inserted in small quantities at a time and 
rammed tight after each insertion. The length of the fuse used 
must be sufficient for it to project a suitable distance from the hole 
to permit safe ignition and escape before the explosion occurs. 
Sand appears to be preferable to clay as a packing material, as 
it requires less time to fill the borehole, avoids many accidents 
consequent on misfiring, and does not require so much tamping ; 
in fact there is usually no need to tamp much if fine dry sand 
is used. Skilled tamping greatly increases the efficiency of the 
explosive. 

Various other methods of charging are used when gunpowder 
is employed, but they are by no means free from danger. 

When a high explosive or safety explosive is used, it is supplied 
in the form of a cartridge which is placed at the bottom of the bore- 
hole ; a detonator is then attached and the hole filled with clay 
or sand as before. Dynamite charges are placed in the same manner 
as powder, the first stick being pressed into the bottom of the 
hole, then a primer or blasting-cap, with the fuse attached, is placed 
as near the centre as possible. The remainder of the charge is 
added and finally tamped with clay, sand, or brick-dust. Many 
quarrymen consider that placing the primer on the top or at the 
bottom of the charge gives just as good results as placing it in the 
middle. When firing electrically, care should be taken to connect 
the lead wires properly to the fuse, but never to connect the lead 
wires to the battery until everything is ready to fire. To prepare 
the primer when firing a safety fuse, the end of the fuse should be 
cut squarely across and placed in the cap, after first making sure 
that the fuse is perfectly dry. It is necessary, when pushing the 
fuse into the cap, to be careful that no twisting occurs. The fuse 
should just touch the fulminate or the varnish protecting it. Then 
with a pair of pliers or crimpers (and not with the teeth) the cap 
may be fastened on to the fuse. An opening is made in the dynamite 
stick with a wooden plug and the fuse is placed in this opening. 
The cap should touch the d3rnamite on all sides, since any space 
around it causes a cushion of air and lessens the effect of the 
detonation. The fuse is then firmly tied in place. The primer 
may be waterproofed by means of soap, tallow, or wax. The 
string holding the fuse in place should be of sufficient length to 
enable the primer to be lowered gently to the bottom of the hole. 
The charge should never be lowered by means of the fuse. 

Cartridges containing dynamite should be quite pliable. If 
hard, they may have been frozen and will require to be thawed 
before use. This should be done by placing them for several 
hours in water at a temperature not exceeding 125° E. ; boiling 
water should not be used, nor should the djmamite be placed near 
a fire. 

The storage of explosives must be in accordance with the 
Explosives Act of 1875, and subsequent orders issued under that 
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Act. Particulars can be obtained from the Chief Inspector of 
Explosives, Home Office, London, S.W. 

The fuses used are of two kinds — ^those ignited by a flame and 
those ignited electrically. Elame ignition is much more risky and 
uncertain than the use of electricity, so that the latter should be 
employed whenever possible. 

Ignition fuses are of different kinds. One of the best — ^invented 
by Wm. Bickford in 1831 — consists of a tube of jute filled with 
gunpowder and provided with an outer casing of rubber where 
necessary. The so-called “ instantaneous fuses ” consist of a series 
of wicks of compressed powder, the ends of which are fitted into 
a metal tube and connected to the slow fuse. These fuses are 
specially used for firing a number of shots simultaneously. 

Electrical fuses are of two kinds, with high and low tension 
respectively. In the high-tension fuse the detonating mixture 
is ignited by a series of electric sparks which pass between two 
copper wires in the fuse, whilst the low-tension fuses contain a 
thin platinum wire which glows on the passage of the current 
and so ignites the priming. For sandstone and allied materials, 
a low-tension fuse is generally best and is much more certain in 
action ; moreover, it can easily be tested, which is not the case 
with a high-tension fuse. 

The following are the chief reasons for preferring electrical 
exploders : (1) with an electrical exploder one hundred and fifty 
charges, or any smaller number, can be fired simultaneously; (2) an 
electrical exploder allows the boreholes to be tamped better and 
gives the fullest confinement to the gases ; (3) there is a greater 
development of the explosive force and consequently a greater 
effect ; (4) an electrical exploder produces less smoke and fumes 
and permits the workmen to return more quickly to the working 
face ; (5) better results are obtained with a smaller quantity of 
explosive, so that an electrical exploder costs less to use ; (6) with 
a rheostat and galvanometer, the electrical connections can be 
tested to assure their being in order, and to avoid misfires ; (7) the 
shot firer stands at a safe cfistance and does not operate the exploder 
until every one is out of the danger zone : he has complete control 
of the entire blasting ; (8) there is no need for matches, torches, 
or open flames for detonating explosives, where an electrical 
exploder is used. 

A blasting-cap or detonator, containing mercury fulminate or 
other suitable material, must be fastened to the end of the fuse 
which enters the borehole. The purpose of this cap is to transmit 
the spark from the fuse to the explosive in such a way as to start 
the explosion. When an electrical detonator is used no fuse is 
needed, the detonator acting directly on the cap. The cap should 
be carefully crimped on to the end of the fuse, so as to ensure the 
requisite contact. Blasting-caps are dangerous and should be 
stored in a dry place where they can do no harm ; they are spoiled 
by dampness. 
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Detonators should comply with the following conditions : 
(1) they should contain a sufficient charge equivalent to at least 
1*5 grams, and preferably 1-75 grams, of pure fulminate (nitro- 
derivatives being taken as equal to double their own weight of 
fulminate) ; (2) the fulminate charge should be disposed in such 
a way as to detonate with the highest possible velocity ; this should 
be about 11,000 ft. per second for fulminate and 15,000 ft. per 
second for mixed detonators ; (3) the length of the charge of 
fulminate should not be too great in proportion to its diameter, 
otherwise defective propagation may ensue. 

There are four methods by which the power of a detonator 
may be tested : {a) the lead-block test, [h) impact test on sheet 
lead, (c) rate of detonation, and {d) practical tests on limit- 
density and humidity. Of these tests the second alone seems 
capable of being performed without the special facilities provided 
in a laboratory, but it has the disadvantage of not showing whether 
the detonation has been complete ; method {d) appears the most 
reliable, though only comparative. 

Since all cartridges are of approximately the same diameter, 
the detonator which will most easily produce complete detonation 
is the most powerful. 

The exploder (sometimes called a detonatot, though this term 
is usually applied to the primer) is a device for producing an electric 
current which, in turn, may produce a spark or heat a wire to 
redness according to the kind of fuse used. Of the various devices 
available for producing an electric current, a primary battery is 
uncertain, a magneto -machine requires periodical attention to 
keep the magneto in order, an accumulator is good, but requires 
frequent charging, and a dynamo machine is quite j)6i*manent 
and satisfactory in every way. 

The capacity of an exploder is defined by the maximum number 
of detonators it can fire simultaneously, without any misses, at 
the end of a line having a given resistance. This capacity depends 
essentially on the nature of the detonator used and may vary 
within wide limits. It also depends on the velocity imparted to 
the mechanism by the shot-firer, but this cause of variation can be 
abolished by employing a spring that cannot be released until 
fully wound up. 

The capacities stamped on the exploders are only approximate, 
and their real value should be tested from time to time by con- 
necting up a certain number of detonators in series at the 
end of a line of known resistance, and finding how many can 
be fired at the same time without any failure. If the exploder 
is of the variable velocity type, the operating member should be 
actuated at a moderate speed to allow for the personal equa- 
tion of the shot-firer. In order to establish a margin of safety, 
the resistance of the test-line should be greater than that of those 
actually used in practice (to allow for defective connections, etc.), 
and the number of the shots fired in a volley should, in prac- 
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tice, be about 25 per cent smaller than those successfully tried in 
the test. 

The cable connecting the exploder to the charge should contain 
two separate copper wires well taped, insulated, and covered with 
plaited cotton. The cable should be kept on a roll or drum, 
and special care should be taken to avoid the formation of kinks. 
The electrical conducting power of the cable should be tested 
occasionally and any bare places covered with insulating tape. 

Secondary blasting is a term applied to the use of explosives 
to large blocks which have previously been loosened from their 
beds but require to be still further reduced ; such blocks are 
either drilled and blasted again as described on p. 297, using a 
smaller charge, or they are mud-capped.” 

Mud-capping consists essentially in laying a high explosive on 
the block, covering it with clay and then exploding it. This 
method can only be used with explosives having an effect which 
is greater in a downward direction than in others. The charge 
should be placed on the spot which would be struck with a sledge- 
hammer if the rock, were small enough to be broken in that way, 
and should be placed in a solid mass by shtting two or more paper 
cartridges and uniting the contents, taking care not to spread 
them more than necessary. A blasting cap crimped into the fuse 
should then be placed in the middle of the charge and the whole 
covered with 6 in. of damp clay or sand, pressed firmly over the 
explosive, care being taken not to cover the outer end of the fuse. 
If the block is cracked or seamy, the charge should be placed in 
a depression and covered with a quantity of clay or sand as described. 
Mud-capping is very wasteful of explosives, as 1 oz. of explosives 
in a 1-in. hole 12 in. deep has practically the same effect as 1 lb. 
of unconfined explosive laid under a mud-cap on the rock. On 
the other hand, drilling may cost as much as, or even more than, 
the additional explosive used in mud-capping. 

Mining Sand-bocks 

Mining is only employed for excavating sandstone, ganister, 
etc., when they, occur under so great a depth of overl3nng strata 
that open quarrying is impracticable. The methods used are 
precisely the same as in other branches of mining, and are fully 
described in mining text-books. 

Intermediate between mining by vertical shafts and open quarries 
is the use of a system of adits, drifts, or tunnels, extending in a 
sloping direction, usually of the same inclination as the dip of the 
material. Such an arrangement saves the cost of a vertical shaft 
and yet has all the other advantages of mining. 

Adits are specially used in localities where the thin workable 
beds with a steep dip are worked from the outcrop. Where possible, 
the adit should be inclined downwards towards its entrance, as 
this facilitates drainage ; it is not always possible to do this, as 
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the adit must, to a considerable extent, follow the dip of the 
beds. 

The most common method of opening a mine or an outcrop 
is by horizontal entry. What is termed the glory hole ” method 
is employed in some mountainous regions. A tunnel is driven 
horizontally into a seam, and at the inner end of the tunnel a large 
chamber is blasted and used for the rock from above to be removed. 
A funnel-shaped shaft is then driven to the surface and the rock 
quarried round the opening in a circle of ever-increasing size, and 
the rock is gradually worked down into the chamber. Accidents 
are common, so that this method, whilst common, and often the 
cheapest, is seldom really satisfactory. 

When working in an adit it is generally necessary to loosen the 
material by means of crowbars and wedges, explosives not usually 
being permissible. The loosened material is then hauled through 
the tunnel or adit to the open air. 

Mining is so much more costly than open quarrying that the 
latter should always be used when possible. 

The cost of quarrying may vary from 3d. per ton for a very 
soft material excavated and loaded with a steam navvy, to 3s. bd. 
per ton for a hard rock. The cost of mining, on the contrary, 
is seldom less than 2s. per ton, and sometimes rises to 18s. per ton 
of material delivered into the pit wagons and drawn to the surface. 

Loading Sand or Stone 

By whatever method the sand or stone may have been worked, 
it must be placed in or on suitable wagons for transportation ; 
this process is known as filling or loading. The method of filling 
depends largely on the nature of the material and the space available. 

In mines where space is limited, hand-loading is usually employed, 
but in quarries where sufficient space is available, it is possible 
to employ more rapid means for loading the trucks for conveying 
the material from place to place. The principal means which 
may be employed are grabs (p. 287), steam navvies (p. 283), ladder 
excavators (p. 290), scoops (p. 282), and bucket elevators or 
'' portable loaders ” (p. 309). 

Bucket Loaders. — ^Where the material is in sufficiently small 
pieces (e.g. less than 3 in. diameter) and it is to be loaded into large 
trucks, it is often convenient to use a bucket loader or similar 
device, consisting of an endless belt on a portable framework, 
the belt being provided with buckets (Fig. 41) and driven by an 
electric or petrol motor. If the inclination is not very steep, the 
buckets may be omitted and an endless belt used. 

These loaders are so arranged that they can work at any suitable 
angle, and a spout, which can be moved radially, is fitted to the 
delivery end of the machine. Most of the earlier patterns of loaders 
required to have the materials shovelled into the buckets by hand, 
but the more modern ones are self -feeding. This great improvement 
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is effected in two ways : (1) the machine is forced into the pile 
of material during the loading process, or (2) a pair of rotary discs 
scoop the material automatically into the buckets. 

A well-designed loader in good working order will deliver 
1 cu. yd. of sand per minute as a fair working average, and will 
travel at the rate of about 60 ft. per minute in moving from one 
pile to another under its own power. When desired, two or more 
of these loaders can work in series or with belt conveyors. Such 
an arrangement is particularly convenient where it is necessary to 
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Fig. 41. — Winget bucket loader. 

convey the sand or stone over a pile of overburden or other material 
which it is not desired to move. 

Transport and Haulage 

Various methods are used for conveying the sand or stone 
from the pit, quarry, or mine to the crushers, screens, etc. ; several 
methods are often used simultaneously. 

The use of wheelbarrows^ and horses and carts is so familiar 
as to need no description. They are convenient, and for short 

^ For distances up to 30 yards a man with a wheelbarrow is usually 
cheaper than a conveyor for medium or irregular outputs. 
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(listancrs ar<‘ oftm rcoiiinnifai. hut in inany in^laiKTs could he* 
prolitahly r(*j>lacc(l h\ power dri\(*n appliances. 

All harrows should he huilt so that they are well halanced, 
the \v<*ioh1 heinu thrown on the wheel and not tm tin* nian's hands ; 

ot}n*rwise tht‘y will la* 
diflicult to drive and tlie 
output will he diminished 
liarrows are prefVrahly 
lined with sheet steel so 
Hs to increase their dunt“ 
hility, The top ed|4i*s 
shouhl he similarly pne 
iected. as these <'onH‘ in 
for c(»nsid«’rahit* \v(‘ar. Bar 
rows with slefd bodies and 
wooden frames are v(*ry 
iil^ht and strong, thtaigli 
more expensiv(‘ than those 
mad<* wholly (d wood. 

In connection with 
whetdharrowH. a usefid 
device known as tlie 
Ransome Tip cart (Fig. 42) may he mentionefl. 'rids camsists of 
a p(*culiarly shaperl ho<ly Indding h cu. ft. of maferinl, or thrc‘C‘ 
ordinary whcidharrowfuls ; it is made of Widde<i sti*el plate, th<‘ 
body heing memnted on a pair of steel wheels 2 ft. ti in. in dinmet(*r. 
Owing to its peeuliar .shape and ecursfrtndiom one td these* cairts 
when full ('an la* pu.slaal by a hoy without undue fatigue. 

TIh' amount, which ('ua he hauh*d by n liorse is greatly inereased 
if On* eari is n'plneed by oiu* or im»n’ wagons running on rails. 

Tramways (Fig. 42), with either horses or nieehanieal haulage, 
an*- V(*ry* eflicient if well d(‘sigiH»d for the partieular works in whieli 
ih<*y an* u.s(‘d ; Imt many tramways are (|uit<* inefheient on aeetanii 
of thc'ir being liaelly dej^igmai, or the rails not being taken .suflieiently 
(*los(^ to tin* faej* ; this i.s a defect, in the* |diinning of tin* works 
rath(‘r than (d the* tramway as a inetheid td transpeui. 

Tramw'ays im\ in many res|M‘ets, one* ed t he* most .Heniahle ini*anH 
of transport, as thew earn he useel in had we*atlHT and unde*!* camdi* 
tions whc*n* edher appIianee*H will fail tee weerk. The eeriginal eeest ed 
eonHtniC'ticen is met (‘Xeesssive, and maintenanc'e* is small if tlie reeiid 
is w(*ll eared for. If alkeweMl tee ge‘t into a had .Mtale, tramways may 
eatise^ gn*ut Iosh(*h through the* exe'essive* wear ami tear <»ri tin* 
wagons, a.H well as through waste <»f pe»wt*r if the wagons are m(»ve‘d 
by rce|K*“haula,g<‘. If the* wagons an* tee lee* imeved hy men, it is met 
wadi feer them tee heekl imen* than 'j eu. yel. of «iat<*rial, and, her itumi 
purpo.ses, rathe*r levss than this is pn*ferahle, whilst for pony traetieen 
on a fairly lc‘vel track about Usivi* this c*iipaeitv will he* found 
eonvtaiiemt. If the* wageens are* imm‘ee*HKanly Hniiill, time will he 
wasted, hut if the*y an* loo large, aelditieeiial men will he* reepiin'd 
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to assist ; t hr latic^r ar(‘ not fully (un ployed in pi'oduetiva^ work 
and thus cause* waste* of nione'v. 

The* rails of a tramway may 1 k^ laid eitlier t(nnf)ora,rily or [)(‘r“ 
luanentiy, ac'cordin^ to (•ireumstanc‘(‘s, or a (combination of both t(un- 
porary and |)(‘ri!ian(‘nt rails may lx*, iiseal. For V(;ry short distarucecs 
m(‘n i!Uiy pusii the wagons, but wlucnc th<^ distama^ is more*, than 
30 yds. the* use* of eith<‘r hors(*s or some*, form of mcHcfianicail haulai^^e^ 
is pn‘f(*rahl(‘. 

M(‘ehanieal haulage alon^ rails is of tlinuc typ(*s : (a) singlec- 
rope* haulage*, (/>) main and tail haulage^, and (r.) e*nell(css-reyp(c or 
(chain haulage*. 

The^ use of a rofs* or chain feyr rne*chanic.al haulagec is tey a larg(c 
(‘Xt(‘nt a matte*r of choicer ; in seyme* (*ase*s a (coinbinatieyn of thee two 
is use*d jyart eyf tlie* track being (‘e)ntreyll(‘(l by a (chain, with ropey 



tecnninals for tlm bettecr winding olT they drum. Hojxc is usually 
|yredVrr(yd on acceount of its echempnecHs, but feyr st(xy|y ine.linecs a chain 
|yrovide*H a bettte*!* gripping peyweer. Fncshly discarelexl exyllie^ry reypecs 
arec usually satisfactory for iiaulagec in sand-pits, but rexjuirey frcxpHcnt 
inspe‘c.tion if ace‘ide‘nts are* t<y be, avoieicxi. 

I'hec single-rope haulage eeynsists, as its naniey suggests, of a 
single* reype*, one*. e*nd of whiedi is attach(*d to a wageyn, whilst they 
othe*r is wound round tliec drum of a crab or winding deeviecee, ho that 
the* wagon is elrawn along l>y thee reypex In a similar arrangeuneynt a 
chain is use*(l, inst(*ad of a reype*. ''Fhec reype*. eyr chain, which variecs 
from tey I | in. in elia.mede*r, may ]iv .singlr and wounel eyn anel eyft 
tin* elrurn, ace*eyrdiiig as the* wagon is b(*ing drawn up tey or Ixdng 
le>wccre‘d away from the* uiaedune*. For t.Iiis arraug(*.m(cnt thee tnieck 
(whiech is single*) must slopes Hufhcie‘ntly feyr the* wageyns tey tra-ved 
deywn it eyf their eyvvn aeeeyrel. A single; rope* eyf this kinel is eynly 
Huitalylc, for small outputs or f<yr large* wageyns. It has the; eiis- 
advantage* of making the* (‘iigim* run muech (non; irn*gidarly than 
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when endless haulage ’’ is used. A modification of the single- 
rope haulage consists of a double inclined track along which the 
loaded and empty wagons travel simultaneously in opposite direc- 
tions. This arrangement is particularly useful in gravity haulage — 
the loaded cars going down the incline draw up the empty cars 
without any power being needed (see p. 314). It is not always 
necessary to have a double track all the way, as if the ascending 
and descending cars or trucks always pass at the same point, it 
will suffice if the track is double for a short distance. 

In main and tail haulage, one end of the rope or chain is wound 
ofi one drum, whilst the other end is wound on to another drum 
beside it. This is the ordinary form of haulage for collieries and 
other works where the endless system is inconvenient. Either a 
single or a double track may be used. The drums used for ordinary 



purposes are about 3 ft. in diameter, 4 ft. 6 in. long, revolving at 
about 150 revolutions per minute. They may be driven by steam, 
gas, oil, or electricity. The cable used is generally about |-in. 
diameter, the drum carrying 800 ft. of it. The direction of move- 
ment is reversed by means of a lever and gearing, the motive power 
working continually. 

The cars or trucks usually carry about 1| cu. yds. of material 
and may be drawn up a gradient of 15 degrees at 350 ft. per min., 
a power of about 10 h.p. being then required for each car. 

This method of haulage is suitable for relatively long distances 
over variable gradients, but under other circumstances it is wasteful 
in power, as there is no counterbalancing of ascending and descend- 
ing loads, and the amount of rope required is very great ; conse- 
quently it is not used largely in open quarries. 

In endless haulage (Fig. 44) the ends of the rope or chain are 
joined so as to make a continuous band, and the power is supplied 
by means of a horizontal pulley at one end. The wagons are 
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attached to this endless band at approximately regular intervals, 
so that the load on the engine remains fairly constant. This and 
the automatic nature of the haulage constitute the chief advantages 
of the endless system. A complete double track is desirable, but 
not essential ; sufficient of it must be double to allow the return 
wagons to pass the loaded ones. It is also Avise to have some form 
of ratchet and clutch on the shaft of the driving pulley, so that in 
event of a temporary stoppage of the engine the loaded cars will 
not travel backwards. The rope or chain is kept tight by a special 
tightening device, for which one of the terminal pulleys can be made 
to serve. To secure the necessary grip, the rope is coiled several 
times round the winding drum. The same purpose may be served 
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Fig 45. — Y-sLaped fork for rope haulage. 


by passing it round two grooved pulleys, so placed that the rope 
warps itself partly round each. "V^en a chain is used, a series of 
grips are usually cast on the driving -wheel. 

The wagons used for endless-chain haulage should have a Y- 
shaped fork which engages the chain (Fig. 45) and forms the simplest 
and easiest method of connection. Where this device is used, and 
the endless chain is made to rise slightly at the delivery end of the 
track, the wagon is automatically released as soon as it reaches the 
place where it is desired to stop it. This is done by taking the 
wagon to a rather greater height than is required and letting it rim 
down a small incline at the last, the chain being raised well out of 
the way. Where a rope is used, a clip (Fig. 46) must be employed ; 
this may also be released automatically. 

One of the best non-automatic clips on the market at the 
present time consists of a clip which surrounds the rope and which 
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is opened and closed by a quick-acting screw. If the incline is not 
too steep, a simple Y-clip engaging the links of the chain is ample 
and satisfactory. Catches to prevent runaway cars from doing 
any damage are almost essential, though too seldom used. 

The amount of material to he dealt with in an endless haulage 
system may be found by multiplying the number of wagons added 
per minute by the average weight of material in each wagon. It 
is usual for the rope or chain to travel l|-2^ miles per hour. The 
amount of power required varies from 5 to 40 h.p. according to the 
load, the incline; and the length of the track. 

Which of these three systems is best under given conditions will 
depend on the number of wagons to be attached to the rope at once, 
and whether a double track is possible. Where two tracks are 
possible the endless type is generally preferred, when the individual 
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Fig. 46. — Rope clip. 


loads are not excessive. The direct winding rope with main and 
tail hanlage is best suited for drawing the wagons over very uneven 
ground, as the engineman is then able, by watching the tightness 
of the hauling rope, to regulate his power to suit the changing levels 
of the track ; an endless rope, being run at one continuous speed, 
is not quite so suitable in such a case. Where the track is in the 
form of a fairly steep incline the use of a counterpoise will often 
effect a saving in the power required. This method is chiefly used 
for vertical lifts only, but it is equally efficient for steep slopes. 

The rope or chain may be over or under the wagons, according 
to the circumstances. Suitable rollers must be provided for the 
rope to run on, and these must be well lubricated, or they will 
rapidly wear out the rope. For turning a curve, vertical rollers 
with a large flange at the bottom, to prevent the rope falling off, 
are used. 

Gravity haulage is that in which the movement of the wagons is 
effected by gravity instead of mechanically applied power. Thus, 
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the loaded wagons running down an incline may be made to draw 
up a corresponding number of empty wagons merely by connecting 
both sets to a rope running round a pulley at the top of the incline. 

The applications of gravity haulage are often very ingenious. 
Thus, by using one or more counterpoise wagons filled with water, 
a series of wagons loaded with stone, etc., may be raised to the top 
of an incline. The water may then be allowed to run out of the 
wagons at the bottom of the incline, whilst those at the top of the 
incline are filled with water. This arrangement is only practicable 
when the filling of the wagons with water is cheaper than the moving 
of the load by engine power. Occasionally, the water tanks rise 
and fall vertically and transmit their motion in a more horizontal 
direction. 

In some cases where the force of gravity is not sufficient, a 
saving in engine -power may be eff ected by making use of counter- 
poise wagons and other devices, as far as these can be made avail- 
able. Thus, in hauling material up a double inclined track, the 
empty wagons will act as a partial counterpoise to the loaded ones, 
and will reduce the driving power accordingly. To obtain the best 
results, the number of these empty trucks should be at least equal 
to that of the filled ones, and if material of any kind, such as rubbish, 
can be carried in the opposite direction to the load, an amount 
equal to half the useful load may be so carried, with great advantage, 
provided it does not interfere, in any way, with the working of the 
rest of the plant. 

A powerful brake is essential in gravity haulage, as, if the loaded 
cars are allowed to travel too rapidly at first, they may break the 
rope and cause a serious accident. A simple, yet strong, form of 
band brake around the winding pulley is generally used. The 
provision of some safety device, either in the form of catch-points 
or otherwise, to prevent runaway cars from doing damage, is very 
desirable. 

Wherever possible, it is desirable to make much use of gravity, 
as it is usually cheaper to lift the material to a single high point by 
applied power, if, from thence, it can be distributed by gravity to 
the points where it is required, rather than to haul it to these 
various points by directly applied power. There is indeed a 
considerable saving to be effected by making much more use of 
gravity than is commonly done. 

Chutes of various kinds are invaluable when they can be 
arranged. If properly designed and constructed, they convey 
materials very rapidly and require no power or attendance. Much 
use might advantageously be made of them. 

Ropes. — The ropes for haulage in quarries and mines are usually 
of wire and are |-in.-l|-in. diameter, but thicker ropes are used for 
heavy hauls. Table LXIII., by Messrs. Bullivant, shows the 
breaking strains of various kinds of wire rope. 
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Table LXIII. — Breaking Strain of Ropes 
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Wire ropes require frequent attention, as they are subject to 
heavy wear and tear, and unless examined and repaired sufficiently 
often, they may fail and cause a serious accident. Bending the 
rope round too small a sheave, pulley, or drum, will also cause- 
strains which may easily damage it. The effects of abrasion and 
cutting action are also serious, but may be kept within reasonable 
limits by efficiently lubricating the rope with a hot mixture of tar, 
linseed oil, and tallow. 

Hopes for hauling should never be overloaded, nor should they 
be applied to the load, or the load to them, with a jerk, as this has 
an equally detrimental effect. Similarly, the rope should not be 
allowed to strike any posts, or other fixed objects, which cause 
unnecessary rubbing, as these wear it away and soon reduce its 
strength to below that which is safe. 

Points and Turn-tables. — Special care is needed in the selection 
of points, particularly movable ones. In planning a works, care 
must be taken to avoid inserting too many points, as these affect 
the smoothness of the running. It is also necessary for the wagons 
to run more slowly over the points, in order to prevent them from 
being derailed. Points are, however, to be preferred to turn-tables, 
and the latter should only be used when really necessary. It will 
often be preferable to take the wagons several yards farther and use 
points, than to have a shorter distance and use a turn-table. When 
turn-tables are used they should be kept in first-class condition, so 
as to turn easily, to be dirt-proof, and need little attention. By 
using a ball-race for the turn-table, most of the friction can be 
avoided. It is most important that the dirt should not gain access 
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to the race, hut if it should do so, the tables ought to he designed so 
that it may be removed in a minute or so. 

Turn-tables are usually permanent structures, but for some 
purposes a climbing turn-table is better. A climbing turn-table 
consists of a large iron plate of special shape, which can be laid 
over the rails and is provided with sloping sides, so that the wagons 
travelling over the track run on the turn-table, and may then be 
turned in any desired direction and guided to another set of rails. 
Such a turn-table can be placed at any portion of the track to form 
a temporary switch in places where permanent points are un- 
desirable. It is most commonly used to take wagons in a direction 
at right angles to the main track when forming a heap for weather- 
ing, or filling and emptying trucks. It has several other uses, and 
its application in many works might usefully be extended. 

Rails. — The track of a works tramway should be skilfully 
selected, and it is essential that it should be well laid on soundly 
bedded sleepers to which the rails are securely fastened, preferably 
by means of bolts, which are cheaper in the long run than the more 
usual nails. The dimensions of the rails must be selected according 
to local requirements. For the lightest portable rails a weight of 
8 lb. per yd. is usually satisfactory, but for permanent tracks it is 
better to use rails weighing about 22 lb. per yd. 

When curves have to be traversed, the ‘‘ outer ” rails should be 
raised above the level of the inner ones. The amount of elevation 
can be calculated from a suitable formula, but it is usually best to 
raise the rail much more than the calculated amount. At the low 
rates of travel in sandstone workings, the amount of elevation need 
seldom exceed 5 in. 

It is highly advisable to place the maintenance of the rails and 
turn-tables in the charge of one man, who should be compelled to 
keep all the tools, nails, bolts, etc., he requires, in a special box, 
which he should take with him to the place where repairs are needed. 
If this is done, great care being taken that the tools, etc., are not, 
on any pretext whatever, allowed to lie about and that the disused 
bolts are carried away to their proper place, many annoying 
incidents which result from losing tools, and much of the time lost 
in fetching them, will be saved. These may appear small matters, 
but they are none the less important. 

The sleepers should be arranged across the track as in a railway, 
and not parallel to the rails, as the latter arrangement, though much 
cheaper, is not nearly so satisfactory. The sleepers may be of wood, 
steel, or concrete ; it is very difficult to say which is the best 
material when price has to be considered, but most quarry 
managers prefer them in the order mentioned. 

Wagons, Tubs, or Cars, which run on rails, have a capacity of 
5 cwt.-lj tons when used inside the works area, the ordinary 
railway trucks being employed for longer distances. Horse-drawn 
carts should only be employed where other vehicles are less con- 
venient. Motor lorries are being increasingly used for transport by 




318 WAGONS, TUBS, AND CARS 

road, for distances up to 40 miles ; beyond this they are usually 
noi> so cheap as railway transport, though much depends on local 
circumstances. 

The tramway wagons or tubs ” usually employed for single- 
rope haulage have a capacity of about |-1 ton of material. A 
particularly convenient form is that known as the '' Jubilee ’’ 
pattern (Pig. 47), supplied by several firms. These wagons may be 
made to tip sideways or endways. 


F. Munn, Ltd., Cardijf. 

Fig. 47. — Jubilee wagon. 

The requirements of a good wagon, tub, bogey, corve, or what- 
ever name these articles may be known by in different parts of the 
country, are : (1) strength, (2) lightness, (3) stability, (4) compact- 
ness, (5) easy running, and (6) easy discharge. Ball-bearings are 
increasingly used in the construction of wagons, and it is, in any 
case, desirable to oil or grease the bearings at very frequent intervals. 
Easy discharge is particularly important in the case of “ tipping 
wagons.” Some of the more recent designs are particularly con- 
venient in this respect, and combine great natural stability with 
remarkable ease in emptying.' At the same time, the body of such 
a wagon must be so fastened that it will not discharge its contents 
accidentally. 

The wagons should be made of steel -plate with angle irons, 
stout rims, and a strong angle-steel frame. The wheels should be 
specially toughened and provided with ball-bearings for easier 
running. The body should be well balanced so as to tip easily 
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when required, bat should be provided with a simple, reliable 
fastener to keep it from tipping unexpectedly. Where several cars 
are to be fastened together, swivelled couplings are desirable. 

When endless haulage up a steep incline is necessary, small 
oblong wooden or steel wagons, each holding about 8 cu. ft., are 
very satisfactory. These are run into a tipping frame, and so are 
emptied quite as easily as when tipping wagons are used, whilst the 
cost of plain wagons and a tipping frame is much less than that of 
the tipping wagons. Unfortunately, tipping frames can only be 
used where the material has to fall to a lower level than the track, 
whereas side-tipping wagons of the illustrated (Fig. 47) can 
tip on to the level of the track. 

Small wagons distribute the load more uniformly on an endless 
rope or chain, and they feed the crushers or other machinery much 
more regularly than a smaller number of larger wagons, and so 
effect a saving in power as compared with large wagons. They are 
also easier for the men to handle at the quarry or in the mine. 

In cases where the material might be stained by rust from steel 
or iron cars, wooden bodies mounted on steel frames may be used. 
Wooden cars should be built of well-seasoned oak, solidly braced 
and bolted, not nailed. They should be so constructed that any 
part can be removed without damaging the remainder. The iron 
or steel framework should be stout and the wheels heavy and sound. 
It is a great advantage if the cars are fitted with ball-bearings and 
self -oiling boxes. 

The hearings used in cars are of great importance, as upon them 
the ease or otherwise of the traction chiefly depends. There is a 
considerable difference of opinion as to which form of bearing is 
best, but there can be little doubt that ball- or roller-bearings, when 
well cased and properly looked after, aflord the easiest running 
of cars, though they are more costly in the first place. Quarry 
managers who have sufficient foresight to recognise that easy-running 
cars do more work and require less traction, almost invariably use 
cars with ball- or roller -bearings. In each of these forms, the axle 
is surrounded by a ring of steel balls or rollers, working in an outer 
steel ring which forms the lining of the box ” of the bearing. 
There are various types of ball-bearings on the market, and the 
builders of cars will fit such bearings on to any car, if required to 
do so. The first cost of the car is of less importance than is 
commonly supposed, as cheapness usually means sacrifice of one or 
other desirable quality, chiefly low power to propel the car and 
rapid transport. 

If the track crosses the public road, it is desirable to have some 
form of brake attached to the wagon, or, in the case of pony-drawn 
tubs, the pony should be fitted into fixed shafts and not in the 
usual loose chain traces. For tracks entirely on the works, a brake 
is not quite so necessary, though still desirable. 

Where the wagons have to be used on an incline of 1 in 2, they 
are liable to fall over, and cannot be filled without some of the 
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material falling out on the journey. To overcome this difficulty, 
they may be mounted on another car of such a shape that the 
wagons remain level whilst the frame car passes up and down the 
incline. These special frame cars can only be used on a uniform 
gradient. 

To prevent tipping cars from slipping whilst dumping their 
contents, it is often convenient to employ some form of simple 

catch. Unless this is 
done, the men engaged 
in unloading the cars 
may be injured, and, in 
Sbuy case, time is lost by 
the occasional derailing 
of the cars. Various 
forms of tie and catch 
are in use, but one of 
the best consists of a 
simple iron bar, the top 
of which is sufficiently 
high to clear the frame 
of the car without giv- 
ing much play. Hence, 
when the car is being 
tipped, the frame cannot 
move forward, but is 
held by the top bar 
and all slipping is pre- 
vented. So simple an 
appliance can be made 
from odd bars for a few 
pence. 

Ropeways or Aerial 
Ways (Fig. 48) are a 
modification of rope 
haulage, in which the 
rope, instead of pulling 
the wagon along, actually 
carries the wagon,” 
which is usually in the 
form of a box or large 
bucket. As a matter of safety, the bucket should be fastened 
to the rope whilst it is in motion. It may be released at the 
end of its journey, or it may remain permanently attached to 
the rope, the material being filled into buckets at one end of the 
track and emptied at the other by releasing a pin, which causes the 
bucket to tip over, or allows one side of the bucket to fall out. 
Where the nature of the ground does not permit the construction of 
an ordinary tramway (as where a deep valley intervenes between 
the source of supply and the destination of the material), an aerial 


Ropeways, Ltd., London. 
Fig. 48. — Aerial ropeway. 
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ropeway has the advantage of reasonable cost, small maintenance 
charges and high capacity. It also has the advantage that the 
space between the quarry and the destination of the material, 
instead of being occupied by a tramway, may be used for any other 
purpose for which it may be suitable. Unfortunately, the initial 
cost of overhead ropeways is so great (it is seldom less than 
£1500) that they can only be used for large outputs, or for 
abnormally long distances, and even then, unless at least five 
tons per hour is to be transmitted, they are not economical. A 
simple overhead ropeway may sometimes be made in a quite 
rough and homely fashion ; this is economical for short distances 
and loads of 1 ton per hour. Care should be taken to make it of 
ample strength. 

Overhead ropeways are of three t5rpes : (i.) those in which the 
buckets are fixed to a travelling rope and are carried by it from one 
end of the journey to the other, and back again ; (ii.) those in which 
a fixed rope is used to carry the buckets, which are provided with 
pulleys and are hauled along the rope ; and (iii.) an endless ropeway 
of either of the foregoing types. 

The second and thii*d types are most economical where the out- 
put is sufficiently large, the first type being used chiefly for small 
works. 

The difference between a modern, properly constructed plant 
and the inferior class of ropeway may be seen, in the first place, 
in the structural work for the towers and stations. There is a 
choice of two alternatives, and in climates which are not exception- 
ally deteriorative to timber there is much to be said for its use for 
ropeway plants. In normal cases it costs 20-30 per cent less than 
steel construction, and whilst the latter is of course preferable, it 
is not absolutely necessary. The cost may usually be reduced if 
the intending purchaser obtains the prices of pine timber (cut both 
round and half-round) from local dealers and states these prices to 
the ropeway manufacturers, as it is generally immaterial to them 
from whom the timber is bought. If timber is chosen as the 
material for the structural work, it should be creosoted, or at least 
those parts of the timber posts which go into the ground should be 
thoroughly tarred. Every few weeks, for the first two years, it 
will be necessary to go over the bolts which bind the timber together, 
in order to tighten them, as the timber contracts considerably 
under outdoor influences. The necessary foundation work for 
these structures may be of either concrete or masonry work, and 
most manufacturers will choose the latter if bricks are readily 
obtainable, as brickwork is often cheaper and more reliable than 
concrete. In some cases, the timber towers can be erected without 
any foundation whatever, but for steel-work towers a foundation 
is essential. 

The track or main carrying rope is of great importance, and 
only ropes made of the best quality of steel should be used. 

The chief causes of rope breakage are the brittleness of the steel 
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and thn faulty dnsi^n of t-Iu* plant. liritt h-nnss is usually a n*suli 
of an att'(‘inpt to ^i\o t.ln* ro|K* an {‘Xtronudy hard surfaf't\ whirh 
will n‘sist tla* w(‘ar and tear of tla* <*arrior wIh'oIs. Faulty dosiifn 
is most- fnajiKUit.ly shown in .*^harp hods and kinks in the* ropo, 
which strain the indivhlual strands to such an cxlrnt that tiicy 
(aisily hr(‘ak : a skilful designer is \'crv' cundul t<» lay the rahh* 
so that, no sharp Ixuids an* given to the rope, aial tin.-*, if the rope 
is of anipk* strength aiul of a skilftdly selet*te<l quality, ensures 
tin* gr(‘a.t(*st. possible lengtli of life. 

d'h(‘ length of time tlu* carrying ropt*s «»!' cables will la.^t tieptauls 
ehi(‘fiy on the (pnility and the* construction of the rope; six years 
is a. fair a\(*rag(*, thougli many rope’s ha\e’ lasteai ei(udde* that tina*. 

d’he most generally us<*d form of rope* is a s/an// rop* in whieli 
{‘ach imlividurd win* e>r stranel is rounel. and th«’ uhoh* of the wire’s 
e(unpe)sing the* rope are spirallv inteu’w e-n t(»ge*thi*r in suedi a 
nuinner as t.o form a se’lf e’ontaineel continuous reqa*. 'Fids type* 
of n)pe is che*ap and s<*rves as a geaed fr/tek eatlih*, hut mdort unate‘I\‘ 
its surface* do(*s not pre’seuit a continmnis whole* e»r smeH»t!i surface* 
to the* carrieu* whe*e*l, and e’emseapie’ntly a gr<*at amount of frie’tion 
lias to he* overcome*, which naturally we*ars out the* reepe*. Furtlua*, 
wh(*n one* eef the* strands e>f the* reepe* hre*aks. it* imme*diate*ly springs 
emt from the* surface* owing to its natural e*la.Ht ie*ity . anel a rope* 
jacket must he* place*d on the* reepc, ove*r the* hre»h<*ii win*. te» l»ind 
it elenvai again. Fiiless this is done, tla* preetrtieiing wire* will catch 
against the* vvhe*<*I of (*a<’h e’arrie»r anel may threew it freun the track. 
Hope* jaek(‘ts of Hhe*e*t ste*(*I only ee)st a few pe’nee* e*ach. hut some* 
tiuK’.s the* rope is high abeeve* the* le*ve*l of the* gremiul, and is ne»t 
re’aelily ae’(’e*s.HihIe*. To re’iiiedy the*.s<* eliHaei vantage’s. seve‘ral type’s 
of locked and He*mi IeH*ke’d re>pes have hes’ij elrsigne*ei, with \vhie*h 
it is practically imperssihle* for any sueli inte*rrupt ions in in-eur in 
the* trafhe : HU<*h re/pe’s also fjave* a smeHjfh surface, whie’h pre*se*iitM 
a nuudi hetU*r traedi to the e*arrie‘r whe'ids, eTe’Ute’s h’ss fric'tieun 
and thus re*duee*s the w<*ar etn tlie* rope as e*oinparcel with that em 
spiral rop(*H. 

cable* sheudd he Huppe>rte’ci em h'ngthy hearings ru’ slieh’ways, 
in or(h*r te^ avead any sfiarp hc’ials ; if slrouhl be suitaJdy ani’Iieere*/! 
at one^ e’nel station and ts’iisioneel in the* e»tlH*r. Some niake*rs 
attaedi a t4de*He’(que’ spring te> eitlmr enci f»f the ro|s*s, wdiilst edhers 
use* pulh*y hloedis or screw g<*ar feu* taking up the slindi of the r<»pes. 
d'he* hc’st metliod is tee use a large* ii’iisitui wedght^, liung so an tei alleav 
fn*e* sliding up anel denvii, aee*ording to the* variatieuiH in the* rofs*, 
and to ki’Cf) it alway.s at a fi?ce*d teiision ; tliis me-thejel has cem- 
sidcTahle^ aelvantage* e>ve*r the edhe‘rs mi’ntieumd above. 

The* hauling rope shciuld Im* eari’fully neglected, in eereler t<» obtain 
as smooth a waerking of tin* plant as possllde*. A re»pe with a he’iiip 
(unT- shenild la* us(*d. The* enel she’avf*s areuimi whiedi this nepe* 
runs should Ik* of large* (iiaine*ter, ho that tfie* ineiividufd strands 
of the ro|M* may not 1 m* injure*cl in be*nding anmnd it. The* groene’s 
of the pulleyH of the* driving ge*ar may he* lined with k*athf*r eu* 
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wood so as to increase the gripping action on the rope. The rope 
should also he suitably supported by rollers on the towers, in order 
to obtain a proper clearance above ground level. In the station 
opposite to the driving terminal, the traction rope should always 
be tensioned in a manner similar to the carrying ropes, but a longer 
play for the weight must be allowed, as very considerable variations 
occur on the hauling rope. If these variations are not controlled 
automatically, the hauling rope becomes slack, and consequently 
the driving gear continues to revolve, whilst the traction rope 
remains stationary, with disastrous efects to the strands of the 
rope. 

The driving gear must be carefully designed and should under 
no circumstances consist of a single drum, round which the traction 
rope is wound two or three times to give the necessary grip. This 
method, which is used by some makers, severely injures the traction 
rope and reduces its life to one -half of what it would be if properly 
designed driving gear were used. The drive from the main sheave 
to the motor or engine is best effected through bevel gearing, 
although ordinary straight -toothed or spur-gearing may be used 
if desired. 

The carriers or buckets usually consist of a two -wheeled trolley, 
the wheels of which must be of good malleable iron or, preferably, 
of cast steel. Cast-iron wheels, after the hard, chilled outer surface 
has worn off, rapidly wear unevenly, with the result that when a 
worn part of the rim of the wheel comes into contact mth the 
surface of the track cable, the wheel ceases to revolve and slides 
along the rope, instead of running along it. When this happens 
to several, or possibly all, the carriers on the line, the friction is 
so great that the driving power may not be strong enough to over- 
come it and the transport is consequently stopped, and in any 
case the wear on the rope is greatly increased. 

The wheels of the carrier or trolley should be supported on axles 
fitted into steel side -plates, and from this carrier the hanger which 
holds the bucket, and to which the hauling rope grip is fastened, 
should be hung. The general appearance of such a carrier may 
be seen from Fig. 49. 

The bucket should be made of sheet iron or preferably of sheet 
steel. When the buckets are to be automatically discharged, a 
tipping lever must be fitted and the pivots on which the bucket 
is supported must be placed below the centre of gravity, so that 
the bucket cannot retain its position unless it is held fast by the 
tipping lever ; consequently, when a catch strikes the tipping 
lever and knocks it out of place, the bucket tips over and the 
whole of the contents is automatically discharged. 

Fig. 50 shows an ordinary pit tub, hung from the carriers of 
a ropeway trolley. This arrangement enables existing rolling 
stock to be utilised for the ropeway transport, the tubs being 
carried by chain slings, which are slipped on the hooks of the tubs 
and the carrier dispatched from the ropeway terminal on to the 
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n>jH‘\Vay i»ra<*k, a prot^css to which an ordinary lahourcr or youth 
can easily att.(Uid. In inosti cases it is jJi’cfcraJdt* to use a carrier 
sp(*ciaJly (iesi|j^ned for a ropeway. The heavy wooden traicks 
fnapuad.ly used on incliiuai haula|i:(‘ systems are nnhidialdc hu* a 
n^pcwvay, as th(*ir creat weight would ne(‘essitate very heavy c*arrying 
and tiau^tion ropes, with a. (‘(uiscapumt increase iii the initial cost 
of installat.ion of the ropeway ; the ptavta- rc(|uired wcudd !>e 
unn(‘(*(^ssariIy gn*at and tiu* inaintenanec* exj>enses would !h‘ unduly 
la-rg(*, on at'count of th(‘ heavy wear and tear on the ro[>es occasioia*d 
hy th(*. heavy w'agons. If the standard type* of ropeway c*arrier 
is us(‘d, the loads will he* more uniformly dist rihutesl along tlie 



rop<* and the exc*t*ssive strainn due to the use of heavy wiigoiis 
will 1)0 avoided. 

This loading end of the ro|Hm*ay sluudd be as near the working 
faee an poHsiblo, ami it should la? exttmcletl from time to time either 
hy light-gauge tramway traeks, if tubs are unetb as illustrated 
in Fig. r>(b or l)y an overhead traek, if standard luieketH are uned, 
an in Fig. 41k 'The* ov(u4u*ad tra<*k tmually eoiisists of a rigid mil, 
Huitably Hupportiai, or hung frf>m iron trestles, im illustrnted in 
Fig. 51. Thc^se trestles are <|uite simple to cainstimet , and for loads 
up to half a ton <*an he matle of light timla*r 5 in. / 5 in., witli the 
cross iHaim 8 in. x 4 in., 'wdulst for Imeki'is above this w’eight and 
up to one ton, 7 in. x 7 in. timI)C‘r, with an H in. / b in. eross beam 
will he ampk*. The rail of this overhead track must end exaetly 
at tlie same levcd as thf) station rails, so that the ropeway cars, 
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when uncoupled from the traction rope, may run straight on to 
the track, and vice versa. The trestles and rails n^ay be laid in 
any direction, and are taken up and relaid as circumstances demand. 
The rails can be made of ordinary flat or angle iron of a sufficient 
strength to bear tlie cars which will travel over them. Unfortunately, 
the cost of extending an overhead track is much greater than that 
of laying light rails, so that 'whilst the overhead track has several 
advantages, and is the only practicable system in some instances, 
a tramway system often proves to be cheaper. 

The grip for attaching the car to the rope has been the subject 
of many patents, yet there are few good grips which can negotiate 



Fig. 50. — Pit tub on aerial ropevay. 


gradients of 1 in 1. As a sharp rise from the quarry or pit often 
requires a gradient of this steepness, the purchaser should very 
carefully satisfy himself as to the efficiency of the particular grip 
he has under consideration. On the other hand, it is a wise pre- 
caution, wherever possible, to excavate part of the ground, or to 
alter the positions of one or more of the towers, so as to lessen the 
steepest parts of the ^adient. Eriction grips are usually the most 
convenient where the incline is not too steep, but for severe gradients 
screw-grips are safer, though much more troublesome. Eor any 
given works, that grip should be selected which, whilst affording 
the necessary safety after prolonged wear, is the easiest to use in 
attaching the carrier or removing it from the rope. 

It is often convenient to use carriers which can he lowered 
to the quarry floor and raised almost to the level of the rope during 
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transport. Such, a device (known as a blondin) consists of a frame- 
work which runs on a track rope, and is fitted with a pulley and 
rope operated from one end of the track, so as to lower or raise 
the bucket from the framework. Blondins are particularly suitable 
for raising loads of less than 5 tons out of deep quarries. They 
should be worked as rapidly as is consistent with safe working ; 
in many works, they are driven too slowly — particularly on the 



' J \ \ 

' f 

Fig. 51. — ^Ropeway extension on telpher-track. 

return journey, with the result that the output is lower than their 
true capacity. When carrying a full load the bucket may travel 
at the rate of 250-300 ft. per min., but the empty bucket should 
not travel at less than 400 ft. per min., and may usually travel 
much faster. 

An automatic weigher and totaliser, such as those manufactured 
by W. & T. Avery, of Birmingham, may be used to record the 
amount of material passing over the ropeway. 

Where there is any risk of damage by material falling from 
the buckets, a stout network should be spread beneath the ropeway. 
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Mono-rails or Telpher Lines (Fig. /)2) aro rigid a(‘rial wayn, in 
wliioh t/h(^ })uckct..s aro carric^d on a stcnd rail. Strictly the tennn 
t(‘I[)h(‘r should c^onfiiKxI to those dc^viees in whi(!]i the motor 
is attach(‘d to the moving })U(0v(^t or (;arri(‘.r, but many other mono- 
rails ar(‘ now known as t(d))h(u-s. True telplua’s are seddorn used 
in ({uarri(‘s, as tlu^ simple^ and k^ss (expensive mono-rails and ropc^- 
ways ar<‘ usually sufhcicmt, hut t(^lph(u-s ar(‘. always worth considera- 
tion, when unusually larg(‘ ((uantities of material hav(^ to he moved. 


Strnchun I/nwhaw, Lid., JIHhIo/. 

Fid. r>2.— Telpher lino. 

Mono-rails an* commonly limited to short distaTK:(^s of ir>() yards 
or k‘ss, as for long<*r distance's rofxwvays ar<‘ clu^apeu’, and on* that 
account, an* j^refern'd. Mono-rails an*, how<w(u’, veu’y usedul at 
erne* or both (mds of a ropciway, as th<\y facdlitate*- loading and 
unloading {Fig. 51). 

Th(^ rails usually (consist of an ordinary l-girdea*, thc^ hiuiked; 
or carrii*r h(dng suspended from an attach nKuit sucdi as tiuit shown 
in Fig. 53, in which the* wluads run in two half-groovers to ensures 
smooth running, csfHrcially arouml eurvers. The*, haulager appliancers 
anr similar to those* of ae'rial re)pevways, the*, edde^f dilTe'remexr hedwexm 
a ro|)eway and a mono-rail being in the greatc'r rigidity of ther latteu*. 
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Lifts in fhr saini industry an* chicliy of tin* “ ’’ \ari<*ty: 

thc*y an* occasionally used fta* convc\‘iii^ inatcriai from <iccp 
((uarri(‘H, hut chi(*fly for raising the sarid to the Irii^dicst part cjf the 
<TUHhin|j; and sereeniiii' piant-, so that, its later movements may he 
c*fh*(‘ted solely hy i^ravity. In the rnit(*d States partic‘ulaiiy, it 
is eustoniary to (‘re(*t very hi^h (*rushin|/, uashin,tr. and screenini^ 
plants, and ca^<* lifts of tin* (U'dinary vertical typi* Imvf* been found 
to h(* ih<*. most. (*flieient means (»f elevatin|i: the sand t-o the rec|uired 
h(*ight-. A simph* f(»rm of lift, in which tin* ciii^e is 
c- ' raised and lowered hy means of a rope passinii^ over 

a puII<‘V at. tin* top of tin* .strm*ture, is (piit4* satis* 
is important that it slnudd he skil- 
arid providcfl with a(hs|uat(* safety 



factory, hut it 
fully d(*Higned 
ap|)Iian<*eH. 

Conveyors. 
tip[H*d din*c'tly 


Wh<*re the sand or stom* cannot la* 
into the i^rinding machine or tans, 
conveyors are fn‘(ju<*ntly tla* iiukhI f*eomunieal means 
of transport. I'liev are exceedingly useful when 
rf‘nioving overhunlen, or wurkinii; haiw* deposits 
with a Ht<*ani navvy \vhi<*h disc*harges the material 
into ‘a liopjMT ahovi* a <*onvc\v<)r ; the latt^T either 
(uirric’H the useful mnt4'nnl to tin* plant, or the* 
nd>hiHh or (n*erhurdeij to a part of the pit on vvliieh 
it may he* depemit^si withmit eausin|L( any future* 
ineonve*aie*nee*, (,*onv<*yfa‘H are* idse^ usmi for taking 
the* sanel frean dre*dge*rs to the* land, fe4r distrihuting 
sand in pile*s or hins, feu' steu’age*, and for with- 
drawing sane 1 freun he*aps ter Ians ha* nm\ 

a (‘onvf‘yea’s have an <*nea’mt»tis eapaeity and an 

Bmw eaumtiuit deliviTV two impeatant ad van* 

tage‘H in hhikI transpcai. They ceaisumi* a mode*rate 
amount of powe*r and an* applieiihle* in iiiiiny ways, 
preevidesl the* distane'e* is md teae great. In nee eaise* 
should they us<*d fter distunc'es exee*eding lOCM) 
yards, and in most instanee^s odO yarels may la* 
re*ganle*d as the* maximum. C'eaiveycers re*e|uire veay 
little* rceoin and the*. e*OHt <ef the* u|eke*<’p in relatively 
Hinall, whilst thf»ir e*I!ieie‘nc*y and etmvenieiree arct 
both high, HO that the»y are* we*!l adapteai for tiHe* in working wineL 
ConveynrH are of nume*r<eus ty|M*H. Tii<:i«* eliiefly usi*<i for tin* 
transportation of sand and Htc'aie^ are* : (a) belt eonviyeers, (b) drag- 
plate and Herapt*r <*eaiveyors, (r) !mt*ke*t eeeiiveyors, iiimI {d} jigge^rs 
or shaking conveyors. 

Belt Conveyors (Fig. 54) are^ by far the*, nieest cceinnieenly use^d for 
carrying sand in an almost heeri'/emtal dire*etiten, tineugh if baf!le»H 
are i)lacf*d on the^ lH»It they may Ik* used fc»r ineline*s up to I in L 
The maximum length of a Indt eonvi*vor is eie*teriiiined by the* fibre* 
stress in thc-e lM*lt and is, the*refor<% e!leese*ly re*lat4*<l tee t.lie* leeael anel 
Conveyors %vhicf.h uTe^ horizontal may naturally I.Mt hengiu* 
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tlian th()H(^ r(‘({uir(Hl to okivato the material. Convcyons 1000 ft. 
from (H‘ntre to (*(*ntr(^ am|)ly su|)f)ort(Kl by ninnerw and carrying 
500 tons |)(*r hour, ar(‘ in sati.sfac'tory use. A con veyor b(dt should 
usually b(‘ uiad(^ of strong, woven, hemx) or specially prepared 
(ainvas (rul)b(‘r alom^ str(‘.tch(\s too much), and the cadges should 
b(^ l)ound with cord to prevent th(nr wearing too :ra])idly. A 
coating of tar on t,h(‘ Ixdt will increase its durability. ()ther 
matcvrials may also bc^ uscxl, (dthc‘.r as a protc^ction to th(i surface 
of the b(‘lt, or feu* its compk^te construction. Thus, Ixdts com|)()sed 
of l)arH of wood or metal unit(xl by steel links arc sornetiriies 


MiU'heU <Jomr}/or (Jo., Jdd., London. 


Fkj. r>4.—“B(ilt conveyor. 


e,mpIoyc*d, and re(’ently belts made of thin shxd hav(^ Ikmui (^xttmsivc^ly 
UH(‘d in a f(vw works with highly satisfactory nwdts. 

Wluu’c* coarse rnakaials, sxujh as stones, an? to Ixt (xmv<^y(xl, 
a c'hain- or link-belt is oft(ui pr<‘i(u-abk^, esjxxually as it may also 
1 k‘. us(‘d as a coarse senHm for s(^parating tlut smalku’ parti (dc^s ; 
such a l)(‘lt is particmlarly useful in sevparating and rcunoving gi’av(d 
from sand. 

ikdts of cotton, h(un|), or ])r(^par(xl canvas, such as ba-lata, 
are the most (‘xtxuisivtdy used as conveyors. Bucii bcslts, whicdi 
in general shapfi and appcuiraruxt n^scunbk^ tliosc^ uscxl for driving 
niachimuy, }>aHH over two pulleyH^ - one at (vitluu* (md and ovex- 
a numbc*r of guide rolku’s, or “ idlers,” arrangcxl at inhu’vals alorjg 
its courH(^ Where th(^ quantity of sand to b(‘. (‘.arrkxl is suflieicuitly 
large, the plain guides rolls may Ix^ r(q)lae.ed by H(‘ts of thnu^ rolku's, 
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so arran^^i as to Ixaul up tla- t‘d^(‘s of tlu* holt, and thus haaii a 
ohnnra*! in plaro of tin* Hat siirfaro. W'hon stn'h a trouirh ronvryor 
is used, t,lH‘ Ix^lt. inaw with advanta^o. hnvi* a ti<o\ihIi* join! runnini^ 
h*ni.dh\vis(‘ of tho holt and a fi‘U intdio^ front its odLua stj as niakr 
it. (‘usily conform to tin* shapt* napiircti and to prevent any sand 
from spillini^ over tin* odLU-s. 

lotr lar|4c outputs, the use of a helt. in the form of a trou|fh is 
het.tcr than a flat belt, as tin* latter retpiires side hoartis extendinf^ 
alon^^ its (mtire leii^^th in order to prevent spillinif, hut t-rouiili hells 
ar(* n(*v(‘r very (‘fheient, ami the* trou|i:h formini!: pulleys are a 
promitnud' cause of \v(‘ar on tin* h(*lt. One ptdiey rtmnd which 
tin* h(‘lt. })asscs rotates in fixed lH*arin|i:s and is driven from the 
erigiin* or shafting; the otln'i* end pulley should he fitted in a 
movahli* franie with sliding l)earings, so that tin* tension td the 
iH*It may lx* kept constant atnl sagging av(ud('<l. All tin* Ix’aring.s 
shofild lx* provided with <*aps to prevent dust or dirt falling int(» 
theiii. < hi tin* under side of the frann* of a horizontal belt, idler 
pulleys should he titled about 20 ft. apart, tf» .support the returning 
portion of t he belt . 

Tin* belt eoineyor has one advantage over most fdher type.s 
of eonv<‘yors in that it may he driven from any point in its length, 
though an end drive is pref(‘rnble. If the lielt conveyor is ineliin*(i 
it. is g(*neraily desirable t(» phu*e driving pidleys at the upper end, 
otherwis<* tin* slaek part of the belt would be on the upper or working 
snrfaei*, whieh i.s very undesirable ; driving from the lower end 
of an inelined belt also neeessitates inenaasing tin- tension on the 
h{‘lt, whii'h is another unsat isfaetorv' feature, 

The use of an intermediate drive using “snuli" pulleys, though 
satisfaetm’V for soft materials, is undesiralile for hard and angular 
materials such as snii<{. as the partieles tend to beeome embedded 
in the belt, and will, in time, injure it. Sinih pulleys idso have tlie 
disadvantagi* of fon'ing the working sides of tlie belt, when at 
gn*atest tension, against the faee of the pulley. To secure 
c*C’on(mneal working it is <*ssential that the belt shouki travel at 
a fair spe(*d, usually abmil 24t) ft. per min., but an exeessive rate 
must lx* avoidcal, especially with line sand, or the material will 
he wasted in transit by being blown oil the belt. Short tx*lt.s 
less tinui 14 in. wiile may usually travel more rapidly I linn long ones. 

Ordinarily, a belt eonveyor is loadc-d at on«* end, but if ilesired 
it may be f<*d at any other point prior to that of disc4iarge. 
It is usual to dis{*harge the* material at the end remote from that 
at W'hic'h thi* load is supplied, though it may be elisehnrged a! any 
point by plaeing a veriiiuil boa.rci at an angk* ai’n^ss the belt, so that 
it divc‘ris the inat^u'iab whilst allowing the belt to travel fc»rwarrl. 
A H(‘rieH of sueh divert»erH may he us(*d bi enable one lx*!!- to supply 
material to eai'h of s<*v<*ral bins in turn, the diverters lx*ing moved 
as each liin is lilhsi. 

It is lidviHablc* to provid<* some im*elianisin to elean fhi* belt 
after it passes over ih<* disehargi* pulle\% rotary bniHlu’s mad<* id 
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various fibres being generally used. These brushes revolve rapidly, 
sweeping the material into the chutes. They are driven by an 
extension of the conveyor pulley, and are provided with means 
for adjusting the brushes for the wear of the fibre. 

The various runners, pulleys, etc., are usually carried on a 
frame which may be of wood or steel — preferably the latter — one 
end being bolted to the head-gearing frame. The shafts and gearing 
should be proportionate to the width and length of the conveyor. 
Table LXIV. shows the size of the various rollers required for 
belts of different widths. 


Table LXIV. — Belt Conveyor Roller Sets. (G. Mitchell.) 


Width in Inches. 

12. 

15. 

18. 

21. 

24. 

27. 

30. 

36. 

40. 

44. 

48. 

Top Rollers : 












Diameter . 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

9 

Width 

4 

5 

54 

6 

74 


9 

104 

104 

104 

104 

Tube spindles . 

1 

1 

u 

u 

u 

11 

14 

n 

li 

n 

2 

Bottom Rollers : 












Diameter . 

4 

4 

5 

5 

5 

6 

6 

7 

7 

8 

8 

Width 

14 

17 

20 

23 

27 

30 

32 

38 

42 

47 

51 

Solid spindle 

1 

1 

1 

n 

11: 

11 

14 

14 

If 

2 

2 

Top Edge Guides : 












Diameter . 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

Width 

3 

3 

4 

4 

4 

5 

5 

5 

5 

6 

6 

Tube spindles . 

1 

1 

1 

11 

1-1 

11 

14 

14 

If 

If 

If 


The thickness or ply of the belts used need not trouble the 
purchaser to any great extent, as the maker will generally see that 
the ply of a belt is suitable to its width. Table LXV., however, 
shows the most generally satisfactory plies. 


Table LXV. — Belts for Conveyors. (G. Mitchell.) 


Width. 

Plies. 

Stepped. 

Ordinary. 

Centre. 

Edges. 

Equal Plies. 

Not exceeding 12 in. . 

2 

4 

3 

„ 18 „ . . . 

3 

5 

4 

„ 24 „ . 

3 

0 

5 

„ 30 „ . . . 

4 

6 

5 

„ 40 „ . . . 

5 

7 

6 

„ 4-8 „ . . . 

6 

8 

7 


Output of Belt Conveyors, — The output of a conveyor depends 
to a large extent on the manner in which it is used, as the '' personal 
factor ” plays a large part in controlling it. Table LXVI. shows 
the approximate capacity of belt conveyors of different widths. 
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All «Uinrii'4*jHH ujr in 'I h»* M»!|tu} 1 ^ « .ii> ul.jfr*! »*!i ijjiitrri si \v. itjhiijj.! .'»u ll» |« r ♦•?}. fj. 

When* t!i<* inclinat inn nf a rniivnynr is verv its f‘f!i<’ii*ii(*y 

may Bn inernuHrd l>y faHtrnin^ strips nf unnil nr iron alamt 3 in, 
hil^h at intervals nf B *1 ft. on the* belt. I'licse* pn*vrnt the material 
from falling denvn the* and enable tlie ennv«*ynr in be used fnr 
an ineline nf 2a degrees, nr a rise* nf nearly I ft. in 2 ft. rnfnrtun^ 
ately, wlien Hiieh eh^ats f>r Hites are attae'hed tee the lieli it C’annnt 
run Ko Hinoeetiiily as a plain Im'Ii, ho that b>r very steep irH*IineH 
bneket eemveyarn nr drag plateH{see latf*r) are preferable. f»r, in wane 
eases, vertieal lifts are best. 

Fixing Belt Conveyors. (Jreat rare is neeessary in putting tm 
a lanv bidt, in nnier that it may be mnunted perfeetly trm*, other 
wise the wear will be exeessive. As a matter nf faet, it in very 
diflieult to make a c-nnveytir belt, nr in faet any belt of great 
kmgth, absolutely true and straight when stretehed. C 'nnse- 
(pu^ntly, after it has he«*n plaee<l on tin* pulleys it sluaild 
he Htarte<i vm*y slowly, watehed t*arefully, and the tension put on 
very gradually ; for it smnetimeH hap|H*nH that tin* tail pulley 
has to be; taken up more on <»nf* side tiiun the other, and hoiih* of 
thc^ internH*diate c’arriers moved to the right or left, ho im to adjust 
any ine(|naIiU(*H in the la^lt. In making these adjtiHtmentH grf,*at 
ean^ is la^eessary, lint when oiit*e the bfdt is adjusted it will usually 
continue* to run true anel givt* Hiitisfin'tor}' servie-f* until -worn out : 
if, howe.ver, the* ladt is set wnmgly it is sotm spruit. HoimdniieH, 
in igmu'aiKa*, sbaTing idh^rs art* appliral trr fr»rc*e the belt to run 
writhin captain limitH ; this is not gocrrl praetire. as tliese idlers 
wear out ihr* «*dgeH by i*X(*i»KHivc* pressure, and aliliougli tin* lH*!t 
may be* foreed to run ap|irf»ximat4*Iy true, it rlrren ho at an enormous 
cost in wear and t4*ar. Stet^ring idlers slioiild only be used to 
prevc*nt ae<*id<*n1al sheering of the belt, and not for forcing the belt 
to run true. 

If, afti*r running straight for some time, a lM*lt to run 

erratically, the whole conveym* shouhl be* ciirefully exa-iniiied, as 
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any <icli{U(nu\y in tli<^ luhrination may mak(^ troublo by (^ausin/jj 
any oiu^ of thc^ pullc^ys in a set of troughin^ idho's to I’un ba.r‘(l or 
to nnnain stationary, ikni’oct iubri(nition ])lays a very important 
part in tln^ suc.ec^ssful of Miration of a Ixdt ciouv(‘y()r, and thougli 
s(‘If-lubricating devkx^s should be nscxl, they r(i(|uire frcMpicmt 
examination. 

''Fhe most suita})le troughing idkn's, if those are ruausssar-y, 
consist of thrc(^ pull<‘,ys, oiu'. horizontal and two sidc^ pullc‘.ys t\,i 
a suitabh‘ angles, (kwe should bo talum that the edg(\s of tlu^. pulk^ys 
do not <*ut th<^ belt. 

In la(‘.ing a l)clt, the (xiges should Im madcj to coincide and th(^ 
c*cntrc^ of the bc‘lt fastinuxl first, ''rhen the <xlg(‘.s of th(‘. b(‘.lt should 
1)0 sc!c;ured and finally the spactes between. If medial fasl.cmeu’s 
ar<^ used they shf)uld Ix^ inseu’texl om^ on oru^ side and anothe^r on 
th<^ other side*, altcumativedy, until the whole width of t/h(^ Ixdt 
is scxuindy fasteaied. 




Fi(i. i)5. ■ ■I)iv(irtor for bolt iujnvtiyor. 

Feeding Belt Conveyors.- -In numt (tawiH, a (^mtn or hopper in 

employed for supplying the mat(irial to tlu^ Ix^lt. iSueh a chute 
or hopper should delivcu’ th<^ rnat(irial on to the belt at af)f)i’oxirnat<dy 
the sarno spewed as the belt traveds, so as to avoid \uin<HU‘HHn.ry 
abrasion. The Hha])e of tlui chute shfudd Ix^ Hindi as to pn'vmit 
th(i direct imfiact of the mat<‘rial on to th<‘ Ixdt. In all casc^H, ean^ 
should be tak(ui that tlu^ (diutc; (aumot damages th(^ Ixdt during th<^ 
fexxiing. It is undesirahks though sometinuis rnHx^Hsary, to f<^ed 
from two chut(‘,s on to the same Ixdt, hut this timds to ov(‘rloa.d 
thc^ Ixdt and also to (lause unnccxNssary alirasion as a n‘HuIt of tljc 
mabuial aln^ady on the belt eorning into (X)ntaet with a stnaim 
deH(!cmding from anothcu’ <diut(\ WhicdHivitr tyfx^ of (dud-t*. is 
emf)loyed, it should deliver on to th(^ (sentn^ of the Ixdt so as to 
distrihuto it evenly over the surfaei^ of the eonve^yor. 

Discharging Bdt Conveyors. If divcu’ters ([>. 330) an^ umxl, 
tliey should Ixi arrangcxl so m not to damage tlie belt, tliough f.lH*v 
almost invariably (niuse incrc^ased wear and t(uir. A trif)pc*r 
(Fig. 55) which may be phuxxl at any point on th(^ Ixvlt and may 
Ixi moved as desircxl is kiss lik(dy to flamage the Ixdt. 

Prior to stopping a belt conveyor, it is important to kit it 
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a weight on the scale beam, which, in turn, is a measure of the 
weight of material supported by the roller. Where a regular 
supply of material is required the motion of the beam is made 
to close or open the hopper gate so as to keep the delivery of the 


Fig. 58. — Bucket conveyor. 


material constant relative to the weight indicated on the scale 
beam. By means of this apparatus it is possible to measure 
the amount of material passing over a belt (see also p. 326). 

Portable Belt Conveyors such as that shown in Fig. 57 are some- 
times of value for short distances. The design is practicallv the 


R, Dempster & Sons, Ltd,, Elland. 
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JIGGING CONVEYORS 


same as for larger fixed conveyors, but a special oil-engine or 
electric motor is used and the whole apparatus is mounted on a 
movable body, so that it can be taken from place to place as 
required. When the material has to be conveyed in an upward 
direction, it is usually preferable to employ a bucket elevator, or a 
belt to which cross-pieces or slats ” are attached, to prevent the 
material from travelling backwards instead of forwards. 

Bucket Conveyors (Eig. 58) consist of a series of buckets fitted 
with wheels and attached to each other to form a long endless 
chain. The buckets empty themselves as they turn over the pulley 
at the delivery end of the conveyor, or they may be made to tip 
at any desired point. In some forms of bucket conveyors the 
buckets are made to overlap. In another form the buckets are 
fixed to a belt at regular intervals instead of being linked together. 
(See also Fig. 41 and Bucket Elevators, p. 339). 

Jigging Conveyors (Fig. 59) are sometimes very economical if 
the material is not plastic or sticky and the distance is not too 



Diamond Coal Cutter Co., Wakefield. 
Fig. 59. — Jigging conveyor. 


great. They usually take the form of shallow troughs mounted 
upon arms, pivoted about their lower ends, and have a slight 
inclination to the vertical, sloping upwards in a direction contrary 
to that in which the material is to move. A small to-and-fro 
radial motion is given to these arms, which thereby first impart a 
slow forward and upward motion of about IJ in. to the trough, 
and then rapidly draw it down and back again. As a result of this 
action, the material proceeds forward in a series of small jumps 
which are, however, almost imperceptible, the material appearing 
to fiow uniformly along the trough. 

Long troughs should be divided at the centre and driven by 
cranks, arranged opposite to each other, so as to balance the 
apparatus and obviate urmecessary vibration. 

The capacity of a jigging conveyor is obtained by multiplying 
the cross-sectional area of the trough by the speed in feet per 
minute. The speed of travel varies from 60 to 120 ft. per min. 
The power required to drive a jigger conveyor varies with different 
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types between wide limits, but is usually between 1/10 and 1/60 
n.p. per loot-ton-nonr. ‘ 

A jigger conveyor has few moving parts, and all are simple and 
readily accessible. If necessary such, a conveyor can be used as a 
screen, or as a drainer, though not so satisfactorhy as some other 
types of screen. 

Sprocket-chain Conveyors have two parallel chains in place of 


R. Dempster <& Sons, Ltd., Elland. 

Fig. 60. — Scraper conveyor. 

a belt, these chains carrying a series of trays or buckets. Such a 
conveyor (see Fig. 61) is chiefly used for inclines greater than can be 
handled with an ordinary belt conveyor. 

Scraper or Drag-plate Conveyors (Fig. 60) consist of a fixed 
wooden or metal trough, above which runs an endless chain, to 
which are attached wooden or metal plates somewhat smaller than 
the cross section of the trough. The number of these plates or 
VOL. I z 
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scrapers depends on the desired capacity of the conveyor, and 
the ease with which the material can be scraped along the trough 
for sand they are usually about 2 ft. apart. 

On setting the conveyor in motion, the plates are moved forward ■ 
dragging with them any material which may have been placed 
the trough, and carrjdng it to the end. The plates then pass ovc*'*' 
the end -pulley and so back to the beginning of the trough, 
they again draw the material forward. By providing suitabh 
openings in the bottom of the trough, the material may be diH" 
charged at any point ; otherwise it will be discharged at the 
of the trough. 

The disadvantage of this form of conveyor lies in the tendency 
of the plate to become jammed and to stick fast if the material 
wet ; otherwise it is a useful and very practical appliance f < > 
moving coarse sand and gravel. There is much friction on th«' 
inside of the trough as the material passes along it, with the resu 1 
that not only is a considerable amount of power absorbed, 
there is much wear and tear of the trough, and a great tendency « ^ 
contaminate the sand with the material of which the trough 
composed. 

Drag-plate conveyors are chiefly used for very steep inclined 
where an ordinary plain belt would fail to carry the materials- 
They are not suitable for wet materials, as the adhesion of the* 
latter causes an excessive consumption of power. 

Table LX VII. shows the capacity of conveyors of this type. 


Table LXVII. — Capacities, Speeds, and Dimensions of DEAG-PLAau*; 
Conveyors. (G. Mitchell.) 


Width in Inches. 

9. 

12. 

15. 

18. 

21. 

24. 

Capacity tons per hour 
of material 50 lb. per 
cu. ft. ... 

8 

11 

16 

20 

30 

40 

End chain wheels 

1— 1 

15i- 

19f 

19f 

24 

24 

Trough channels (in.) . 

5x2^ 

5x2J 

6x3 

6x3 

8x^ 

9x 3 

Speed (ft. per min.) 

80 

75 

75 

70 

70 

70 


The capacity may also be calculated from the formula C = a 

where C is the capacity in cu. ft. per min. ; a is the space in cu. fb .. 
between two scrapers ; v is the speed in ft. per min. ; d is thet 
distance apart of scrapers in ft., and e is a filling coefficient, dependents 
upon how much of the space between the scrapers is actually^ 
occupied by the material. It varies from 04 to 0*8. 

The plates in scraper or drag-plate conveyors move at speed« 
varying from 60-120 ft. per min. 
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Bucket Elevators. — For raising sand from one level to another 
in cases where a belt conveyor cannot be used, a bucket elevator 
(Fig. 61) is of great value. It usually consists of a number of 
buckets placed at regular intervals along a band, or between two 
parallel endless chains, which run over 
pulleys placed at the head and foot of 
the elevator. The band may be of 
cotton, rubber, leather, or hemp ; when 
chains are used they may be of the 
Ewart detachable type made of mal- 
leable iron. The pulleys for the leather 
and similar belts are of the usual 
crowned type, special sprocket wheels 
being used for the chains. Owing to 
the high cost, leather belts are seldom 
used. 

The buckets may be of pressed steel 
or iron. When coarse materials are 
being conveyed, holes are made in the 
buckets for draining purposes. The 
shape of the buckets depends entirely 
on the kind of material to be elevated 
and in the slope of the elevator. It is 
very important that a well-designed 
type of bucket should be used ; very 
small buckets tend to spill the material 
as they pass over the top pulley, and 
so decrease the output of the elevator 
and clog the mechanism by which it is 
moved. 

The material should be fed into the 
buckets as they rise from the boot, or 
bottom casing of the elevator ; it should 
not be delivered into the boot itself, 
but should be supplied about 2 ft. 
above it, as much power is wasted if 
the buckets are filled by ploughing 
through the material placed at the 
lower end of the elevator . The efficiency 
of a bucket elevator depends on a con- 
stant and regular feed, so that it is 
preferable whenever possible to employ 
an auto -feeder. 

The discharge takes place beyond the head of the elevator 
and should be so arranged that the material from one bucket 
falls clear of the preceding bucket. In some vertical elevators 
the carrying chains are placed at the sides of the buckets, and, 
after passing round the larger head sprockets, are bent back 
by smaller snub sprockets to ensure a clean delivery. This is 
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avoided if the conveyor is steeply inclined instead of being quite 
vertical. 

Continuous bucket elevators are so arranged that there is no 
intervening space between the buckets, the back of one bucket 
forming a chute for the delivery of the material in the following 
bucket. This type of elevator has the further advantages that the 
material may be fed in at various points and not only at the foot, 
and also that breakage of the material is greatly minimised. The 
bucket flights are generally supported by flat bars which run upon 
renewable steel or cast-iron wearing strips. 

Elevators should be enclosed in a wooden or sheet-iron casing, 
doors being fitted for inspection purposes. The foot or boot should 
be fitted with screws to take up the belt or chains when they become 
slack. 

The capacity of elevators is given by : 

, , V X e X C X 

tons per hour== ? 


where V = speed in ft. per min., C = capacity in cu. ft. of one 
bucket, weight per 1 cu. ft. of material, d = distance apart of 
buckets, and e is a constant depending upon the filling capacity of 
the bucket ; it varies from 0-5-0-75. Hence the amount of 
material delivered by a bucket elevator is usually 50-80 per cent of 
the theoretical output calculated on the capacity of the buckets. 

In common with most conveyors, the speed of the elevators 
depends upon the ma-terial. An average speed for coal is 90 ft. 
per min., for ore and similar materials 90-120 ft. per min., for clay 
200 ft. per min. 

The power required may be taken as follows : 


H.P. 


15 WH 

10,000 ’ 


when W = tons per hour elevated and H=the height to which the 
material is to be lifted, but double this power should usually be 
provided. 

Elevators may be driven through belts, chains, spur- or chain- 
gearing, the drive being arranged at the head of the elevator. 
Where belt- or chain-drives are employed, they should be of less 
strength than the elevator chains, so that in the event of a breakage, 
due to overload or other causes, the driving chain would fail first 
and thus save the elevator chain — ^the advantages being obvious. 

Road Traction, whether by horse and cart or by the more 
modern traction engine or motor van, is usually cheaper for local 
deliveries than the railway. The most convenient type of cart is 
an ordinary tip-cart of about 2 cu. yds. capacity, but if the district 
is very hilly a smaller cart containing only 1| cu. yds. may be more 
convenient. Horses and carts are not economical for distances 
above three miles ; motor lorries are economical up to about 40 miles ; 
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above this distance the railway is cheaper, though if there is 
moderately long distance between the railway and the site to which 
the material has to be delivered, it may be cheaper to send it 
thronghont the whole distance by motor. 

Traction engines and motor lorries are much more suitable than 
horse wagons for sand pits, stone quarries, etc. The roads must be 
suitable, however, and kept in good condition, or the wear and 
tear on the machines is excessive. For loads over 10 tons, steam 
wagons are generally more economical than those with oil engines. 
A motor wagon driven by producer gas appears to offer several 
advantages. Oil-driven motor lorries are unsuitable for weights 
over 6 tons, owing to the wear and tear on the wheels and engine. 
They are preferably built of steel with riveted spokes. 

The driver should be a skilled motor mechanic, capable of telling 
from the beat of his engine whether anything is the matter, and ff 
so, of repairing it at once. This means higher wages than are paid 
to horse drivers, but the increased output of the motor compared 
with that of a horse and cart will compensate largely for this. It 
is strongly to be recommended that all motors and traction engines 
in regular work should not be used for more than five working days, 
and should be thoroughly overhauled on the sixth day ; including 
such repairs as re-boring cylinders, re-tubing the boiler and other 
more extensive repairs, it is not safe to reckon on more than 240 
working days per year. 

It is almost impossible at the present time to institute a really 
reliable comparison of working costs and standing charges of horses 
and carts with other forms of traction, as so much depends on 
local conditions. The question of depreciation also complicates 
the problem. It is probably correct to write off one-quarter of 
the cost of a motor wagon at the end of the first year, and at the 
end of each succeeding year to take off a quarter of what is left ; 
thus a motor wagon costing £800 would depreciate to £600 at 
the end of the first year, to £450 at the end of two years, to £190 
at the end of five years, and after eight years’ use it would have 
on the books only one -tenth of its original cost. This method 
of calculating the depreciation is much safer and fairer all round 
than the more usual one of writing off 10 per cent of the origmal 
cost each year. In estimating the cost of motors and engines 
with a view to comparing the different types in use, errors of 
considerable magnitude often creep in, owing to the careless way 
in which repairs are not charged to the transport but to a general 
account for the whole works. The wisest course is to open a separate 
bank account for the motor wagon or steam engine with its attendant 
trailers, to pay all expenses in connection with them out of this 
account, and to place to its credit all sums received for the delivery 
of the material. 

In consequence of the expenses of repahs, many firms now 
sub-let all their carting to engineering or other firms, at a rate 
depending on the load and the distance, and in this way save 
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themselves the worry and responsibility of repairs and depreciation. 
For establishments of moderate size this plan is to be commended. 

It is generally found that for journeys of 20 miles or more 
a load of 4 tons on a motor is more economical than the use of 
horses and carts. For shorter journeys, the load multiplied by 
the journey must not be less than 60, so that the critical point 
is 5 tons for 12 miles, 6 tons for 10 miles, and so on, though with 
improved construction this may be reduced. For a number of 
journeys in quick succession and on good roads, a 64on lorry 
when fully loaded should be able to make at least four journeys 
of five miles each in a day, but much depends on the facility with 
which it is loaded and unloaded. The use of additional bodies, 
which can be lifted on and off the chassis by means of a crane, 
greatly facilitates loading. Special care is required to ensure a 
minimum amount of time being spent in loading and unloading, 
as during this time the driver’s wages and the interest and deprecia- 
tion charges on the lorry are earning nothing. 

As regards the size and type of motor, it may be taken roughly 
that loads under 5 tons are most economically carried on the motor 
itself, but larger loads are best distributed between the motor and 
a trailer. The relative advantages of oil (petrol or paraffin) over 
steam are most marked in the smaller loads (10 tons and under), 
and are chiefly due to economy of power-production per ton-mile, 
to the rapidity of starting, and to the smaller cost of attendance. 
For larger engines, the cost of petrol is too great for economy, 
but if an engine burning heavy oil could be constructed, or producer 
gas could be used, the adoption of the heavier type of motor wagon 
would make progress. 

Water carriage is deservedly popular where it is feasible, as 
it is cheap. The chief disadvantages of this means of transport 
are the low level at which the material must necessarily be delivered 
and the slowness of the transit. 

Railways form the chief means of transport over long distances, 
and for economical working it is, therefore, advisable to have a 
siding in the yard whenever possible. Miniature railways are a 
feature of some sand pits and quarries, the locomotives being driven 
by steam, oil, or electricity, according to local conditions. With 
the rapid increase in the general use of petrol motors, their applica- 
tion in the quarry is only a matter of time. They are excellent 
for loads up to about 5 tons, but for greater loads small steam- 
driven locomotives or electric motors are usually cheaper in use, 
though not in the first cost. When the delays connected with 
arranging large numbers of wagons into trains and redistributing 
them are considered, it is often found that several smaller motors 
driven by youths will move the material more rapidly, more 
conveniently, and at less cost than a locomotive. 
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Mechanical Equipment in Sand Pits and Quarries 

At the present time, both hand labour and mechanical appliances 
are so dear that many owners of sand pits or quarries are in a 
quandary as to what course to pursue. Energetic and persuasive 
travellers representing firms who manufacture labour-saving appli- 
ances are naturally more interested in the sale of these devices than 
in the precise amount of saving to be effected by the purchaser. 
On the other hand, there is no one to send out travellers to put 
forward the case for the employment of hand labour, and con- 
sequently its merits are apt to be overlooked. It is, in fact, of the 
greatest importance when considering labour-saving machinery to 
ascertain exactly what economy will follow. No two cases are the 
same, and in every instance where mechanical plant is contemplated, 
local circumstances may affect the case one way or the other. 
Wages are about double the pre-war figure and the hours are reduced 
by about 11 per cent. Machinery costs 150 per cent more than 
it did in 1914, repairs and spare parts have risen in proportion, 
while with financial conditions as they are at the moment, it is 
not always possible for a firm to meet a new heavy capital expendi- 
ture. Even where the additional capital is available, it does not 
always pay to invest it in mechanical appliances. Thus it w^ould 
not pay to purchase a steam navvy to dig and load 20,000 tons 
of sand, but for a much larger quantity — say 150,000 tons in ten 
years — a steam navvy (including full repayment of capital and 
repairs) costs less than half the amount which would have to be 
paid for hand labour. 

One advantage of mechanical handling lies in the less extent 
to which manual labour has to be relied on, the lesser dislocation 
which follows on strikes, and on the greater contentment of the 
few men employed, as the higher wages earned place them in a 
more comfortable position. On the other hand, machinery is 
not necessarily more reliable than hand labour, and it is particularly 
harassing to find that the whole of the works may be seriously 
disturbed by the sudden breakdown of some more or less trivial 
detail in the mechanical part of the plant. 

The principal considerations which each manager should apply 
when considering replacing hand labour may be briefly enumerated 
as follows : 

{a) Can the cost of working be curtailed, and if so, what will 
be the annual saving 

(6) Will better working result, or greater output follow the 
introduction of machinery ? If a greater output is obtained from 
the plant already in use, what will be the effect in wear and tear ? 

(c) Is the saving effected by (a) and (6) likely to be sufficient 
for meeting the standing charges for repayment of capital at 
5 per cent interest, and also for depreciation and repairs ? 

{d) Will efficiency be sacrificed in order to effect an apparent 
economy ? 
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(e) Will tlie reduction of labour relieve the management of any 
anxieties not actually measurable in money ? 

Considerations of capital charges are perhaps the most important 
matter to be settled in replacing hand labour by machinery. In 
other words, what capital outlay is permissible in order to save 
the wages of a single workman ? In the majority of cases the 
men displaced will be ordinary labourers paid at the lowest rates, 
for mechanical labour-saving machinery seldom does the work of 
a skilled craftsman paid at the special rates ruling for his trade. 
Moreover, the attention demanded by machinery involves the 
introduction of skilled labour to operate and repair it. Including 
outgoings in the way of tools, National Insurance, holiday pay, 
and in some few cases profit-sharing or other forms of bonus, 
the expenditure per labourer per annum amounts to approximately 
£200. The annual charges on the capital cost of new machinery, 
including interest, wear and tear, depreciation, or the writing off 
of capital, amount to a total of 20 per cent per annum. Now the 
£200 which is equivalent of a labourer’s total cost, represents the 
interest at 20 per cent on an outlay of £1000, so that it may be 
assumed as a general statement that i£ the work is continuous 
for five years or more, the capital outlay permissible on mechanical 
plant may be reckoned at £1000 per man displaced by it. This 
figure indicates that in cases where a permanent reduction of ten 
men or more can be foreseen, comparatively large schemes may 
be undertaken. It is the smaller schemes, in fact, which demand 
the most thorough scrutiny, for with them the delays due to 
machinery not working properly are the most serious. In con- 
sidering the figure £1000, the cost of fuel or driving power, lubrica- 
tion and attention to the machinery must not be overlooked. 
Assuming that these cost only 12s. per week, it would reduce the 
permissible outlay to £900. In most cases a much more elaborate 
calculation is necessary, as the whole of the costs of working the 
machine and the capital charges must be ascertained ; an allowance 
for times when the machine is out of order, and for when there 
is no work for it, must be added (for no saving can be made by 
trying to put a machine on ‘‘ short time ” like a labourer), and from 
the figure so obtained a fairly accurate comparison may usually 
be made. 

The best method of calculating the capital charges is to decide 
how many years the machine may be expected to work at full 
speed, without an excessive charge for repairs (ten years is usually 
a maximum),. and then to inquire of an insurance company, what 
would be their charge for an endowment policy for the cost of 
the machine, the policy to be payable in the given number of years. 
The aimual charge required by the insurance company may be 
taken as the sum which would be charged to the machine to cover 
interest on capital, repayment of capital, and depreciation^ — in 
short, the capital charges. 

There are of course many operations which cannot be effected 
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so cheaply mechanically as by hand laboiir, but the wise mancu^^. 
always should realise that a simple machine of any automatic 
character, which is reliable in its action and is kept constantly 
at work, wall be cheaper and more dependable than a man, if the 
machine cost £850 for each man it displaced. Hence, if a machine 
costing £2500 is contemplated, it must actually, at that particular 
works and under conditions then prevailing, displace at least three 
men if it is to be of direct financial benefilt. If a man is required 
to work the machine, then at least four men and probably five 
should be displaced before the machine is profitable. 

It is most important to observe that it is the average performance 
of a machine at the purchaser’s works which defines its value to 
him. Thus, a steam navvy may have an output of 15 tons per 
hour, or 720 tons per week, but if it is only required to move 100 tons 
per week, it will not pay to use it in most works where labour is 
available. A similar argument applies to many other labour- 
saving devices ; they are only profitable when fully employed 
for at least 80 per cent of the working week, duriug a period of 
eight to ten years. Where a mechanical handling device is operating 
at less than 80 per cent of its rated output, it will only justify its 
installation in circumstances which cannot be justifiably termed 
'' usual ” ones. For this reason, whilst quarry managers and others 
should always retain an open mind with regard to the use of 
machinery, they should also remember that there are many condi- 
tions in which human labour is cheaper, especially where the work 
is of an intermittent or irregular character, as men can be put 
to other work, placed on short time, or even suspended,” but a 
machine, once it has been purchased, involves the same capital 
charges when it is idle as when it is fully at work. 


CHAPTER VIII 

CRUSHING SAND-ROCKS AND GRINDING SAND 

After the material has been quarried and transported to the plant, 
it is treated in various ways in order to prepare it for the particular 
purposes for which it is to be used. The nature and extent of this 
treatment depends largely on the original materials and the use 
which is to be made of the sand. 

The various treatments which may be necessary — one or more 
of them being used as required — may be summarised as follows : 

1. Crushing and grinding. 

2. Purification. 

3. Drying. 

4. Screening. 

All these treatments are seldom necessary for any one material, 
nor need they be carried out in the order shown above. Thus, 
whilst crushing or grinding is generally necessary for materials 
which occur in large pieces, loose, incoherent sands do not, of 
course, require this treatment. Only certain sands require to be 
purified ; most sands are used for such purposes that they are 
quite satisfactory without any purification. Again, . only those 
sands which have been dredged or recovered from below water, or 
those which have been washed, will require to be dried, and for 
many of these no special drying process is needed so long as the 
surplus water is allowed to drain away. Screening is necessary in 
the case of most sands and is seldom omitted. 

Crushing 

Where a sand is to be obtained from large pieces of quartzite, 
sandstone, ganister or silica rock, it is necessary to crush the 
material in order to reduce it to the requisite fineness. This reduc- 
tion of rock is usually divided into two types of operation : {a) 
crushing the material to pieces J-l in. in diameter, and (6) grinding 
the crushed pieces to the desired size. This subdivision is rendered 
necessary by the fact that most fine-grinding mills would be rapidly 
damaged if fed with coarse material, and apart from this, the 
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output vv'ould h(‘ low and the grinding ctontly, liy efhic.ting the 
grinding in two .stag(‘s a rnaxiniuni outf)ut with a rnininrurn amount 
of vv(‘ar and t(‘a.i* is ohtaiiu^d. 

11u‘ eoai‘s(‘ crushing of massive^ sandstones and silica rocks is 
difficudt and costly on account of their great hardness, which clauses 
w(‘ar and tear on th(‘ niachin(‘s, and lu^eessitatc^s tlu^ us(^ of very 
strong and durahl(‘ <-rush(‘rs arid th(^ (‘xpenditur(‘ of a considerable 
amount of pow(‘r, so that both skill and ingenuity are rcafuirod to 
crush smdi rocks to a suitable^ si/.(^ as (‘c.ononiie.ally as iiossiblc. 

Soft and |)ai‘tia.lly d(‘com|)osed sandstone^s may bc^ of all dcigree^s 
of har’dness I(‘ss t luui that of the grains of ([uar*tz of which they ar(5 
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composed : such sandstones an^ r(‘due(‘d much mor-(^ cuisily than th(^ 
harder e|uartzites and at a smalku* cost, so that they pre^semt k'ss 
dif!i<'ult y. 

11h‘ principal rmudiines used for crushing sand rocd<s are, stone- 
bnuikeu’s, gyi’atoi*y crush(*rs, and disintegrators. Stamps wcu*(^ 
formerly UHi*d, and ar*(‘ still employ<*d in sonu^ Io(!aliti(‘s for brittle^ 
rocks ; though thedr action is that of grinding ratheu* than crushing, 
b(‘cauHe it has been found that they seddom work (^(!onomi(^ally on 
pie(*(*s largcu* than 4-in. dianudeu-, they are now mon* largcdy usrul 
to pr’oducc* a modc*rately finc^ powdeu' than as jircdiminary crushru's. 
For this nuiHon, th(‘y ai’(* d(‘S('ribed in th(^ sciction on (h'inding. 

Stone-breakers or Jaw-crushers (consist (‘ss<mtially of two jaws 
compoHC‘d of hard stend, on<^ fi.x(*d and tfu^ othew movabh^. A 
typical jaw-erusheu’ is shown in Fig. b2. By nutans of two pow<*.rful 
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flywheels, one on either side of the machine, connected by toggle 
gearing to the movable jaw, the latter may be made to approach or 
to recede from the fixed jaw, thus crushing any lumps of material 
placed between them. On account of the excessive wear and tear 
on the jaw-plates in the ordinary crusher, these latter are so made 
that they can be removed when worn and replaced by new ones. 
As the lower ends of the jaws have the greater part of the work to 
do they wear much more quickly than the upper parts, so that the 
jaw-plates should be made so as to be readily taken out and 
reversed. The jaw-faces and check-plates are of chilled cast iron 
or preferably of manganese steel backed with a white alloy. The 
toggles and cushions should be of hardened steel, as they are called 
upon to resist heavy stresses. 

Numerous attempts have been made to design a jaw-crusher 
without toggles, but for really hard work, and the consequent 
severe strains on the machine, those crushers in which toggles are 
embodied have more than held their own. In one type of machine 
the swinging jaw has arms at the back supporting a roller against 
which bears a removable cam secured to the driving shaft. 

It has been found that by making the face of the movable jaw 
a segment of a circle instead of flat, a finer product is obtained 
because the material is subjected to a squeezing or rolling action in 
addition to the simple crushing. 

It is often an advantage to have two sets of ribs on the faces of 
the jaws ; one set of ribs projects out further than the others near 
the top of the jaws, and so applies the pressure earlier than when 
all the ribs are of the same size throughout. The result is crushed 
stone of more uniform size. Stone-crushers having this arrange- 
ment are sometimes known as granulators. In some crushers the 
movable jaw is given a joggling as well as a to-and-fro motion ; 
this draws the material more effectively between the jaws and 
reduces the slipping to a minimum. In one very simple design 
of jaw-crusher the power is transmitted from the crank-shaft to 
the oscillating jaw through a lever and through a roller mounted 
between the lever and the jaw. The jaw has a concave face at the 
back upon which the roller moves without any need of lubrication. 
It is claimed that this method of driving has a greater efficiency 
and requires less driving power than the ordinary jaw-crusher, 
whilst the wear is reduced to a minimum on account of the smaller 
number of bearings and the smaller pressure upon each. 

Some American users prefer to have one swinging jaw and one 
toothed roll in their crushers, and maintain that this arrangement' is 
cheaper in power. The author has never been able to make an 
accurate comparison of the merits of these two types. 

The size of the stone-breakers varies greatly according to the 
output required. Hadfields, Ltd., of Sheffield have built machines 
with openings up to 4 ft. 6 in. long and 3 ft. wide, which will take 
pieces of stone weighing as much as 1 J tons and produce about 150 
tons of crushed stone per hour, but for most quarries a crusher 
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wMch will deal witli pieces about 12 in. x 12 in. x 12 in. is sufficientij 
large. 'No crushers are remunerative unless kept fully employed, 
and the number of works which can keep a very large crusher 
continually in use is very small. 

The power required by jaw-crushers is shown in Table LX VIII. 


Table LX VIII. — Power required by Jaw -crushers 


Upper Opening between Jaws 
(in inches). 

24X16. 

20 X 9. 

16x8. 

12 x 8. 

8x5. 

8x4. 

Output (in cubic feet) 

352 

212 

148 

106 

70 

52 

Horse-power required 

14 

10 

7 

5 

2 



Stone -breakers with cam and roller action require rather less 
power than the ordinary type for the same size of machine. 

It is most important that a sufficient provision should he made 
in the power supplied, in order to allow for the great strains to 
which the machines are subjected when large pieces of material are 
fed into the crushers. The figures given above are more than is 
required for ordinary working, but less power should not be pro- 
vided, otherwise a man may have to be employed for crushing large 
pieces of stone, so as not to damage the machine. Too little power 
may also cause a sudden breakdown which would be much more 
expensive in the long run than the provision of greater power for 
driving the machine. 

The jaw usually moves from in. and th^ flywheel usually 
makes 250-300 revs, per min., the number of oscillations of the 
movable jaw being from 250-300 per min. An excessively high 
speed is undesirable owing to the bearings of the breaker becoming 
too hot and causing a great deal of wear and tear. Some of the 
small Sturtevant stone-breakers (8 in. x 12 in.) are run at speeds 
varying from 170 revs, per min., whilst the larger breakers 
(18 in. X 30 in.) run at 130 revs, per min. 

The size of the crushed material delivered by a jaw-crusher 
depends on the space between the lower ends of the jaws ; this 
may usually be varied between fairly wide limits. It is important 
to adjust the lower opening between the jaws so as to suit the 
material ; if the jaws are set too closely together they will produce 
too much powder and will waste a large amount of power. The 
pieces of crushed stone usually vary from about 6 in. diameter 
down to about J in. diameter. For crushing below | in. diameter, 
stone-breakers and other coarse crushers are not economical on 
account of the power required. It is preferable, where fine material 
is required, to crush down to about 1^ in. in a coarse crusher, such 
as a stone -breaker, and then to reduce the material further in a 
fine grinding machine. It is also important to avoid crushing large 
pieces of stone too much in one machine, as much less power is 
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used if the largest pieces are reduced to a medium size (3-4 in.) in 
one crusher, and then to a smaller size in a second jaw-crusher. 
Thus, blocks 18 in. or more in diameter may be reduced to about 
10 in. in the first crusher ; these smaller blocks may then be reduced 
to 4|- in. in a second crusher, the product from which is then reduced 
to say 1 in. material in a third crusher. 

A considerable saving in the amount of power required may also 
be effected by passing the stones over a screen or grid before they 
enter the crusher ; this separates the smaller pieces which do not 
need crushing, or by using two screens the pieces too large for the 
medium crusher may also be separated and either broken by a 
sledge hammer or sent to a larger crusher. 

The output of jaw-crushers is a little less per horse -power than 
the output of gyratory crushers, when the size and hardness of the 
material are equal in both cases and they are reduced to the same 
degree. 

Gyratory Crushers have crushing surfaces in the form of two 
cones, one inside the other, the outer one being inverted. The 
stone to be crushed is dropped between the two cones whilst the 
inner cone is rotated rapidly with a slight eccentric motion. The 
rock is crushed between the two cones, the crushed material falling 
through the annular space between them, on to a chute which 
brings it to an outlet at one side of the machine. 

Fig. 63 shows a gyratory crusher made by Hadfields, Ltd. ; the 
lower portion, base plate and oblique diaphragm are made of cast 
iron and the upper portion of cast steel ; the cones are faced with 
manganese steel. The inner cone is mounted on a hollow shaft 
which gyrates in an anti-friction metal bearing, the upward thrust 
being carried by a bronze ball at the top of the shaft. The eccentric 
motion of the inner cone is produced by means of a crown and 
pinion gearing and an eccentric bearing. Small adjustments in 
the size of the product are made by raising or lowering the inner 
cone by means of a worm and worm wheel, thus varying the size 
of the opening between the inner and the outer cones, but it is best 
to have the machine designed for a definite product and to confine 
the adjustments to making good any variations in the size, due to 
wear and tear. Duplicate parts should always be kept in stock. 

In a gyratory crusher the greatest strength is required in the 
main shaft carrying the inner cone ; this shaft should be of ample 
diameter and not too long. 

The output of a gyratory crusher depends on its size, the size 
of the pieces put into it, the size of the finished product, and the 
nature of the material. As a rule, about 1 ton of 8-in. material 
may be made to pass through a ring in. diameter for each 1 h.p. 
used in driving the machine. Machines with outputs of 200 tons 
per hour can be run even more economically, only about J h.p. 
being required per ton of product. This is rather greater than the 
output of a jaw-crusher. Very large machines are, however, un- 
desirable ; where a large output is required, it is preferable to 
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employ a number of machines each crushing about 50 tons per 
hour, rather than one large one, so that if one machine breaks down, 
the whole plant is not held up thereby. 

It is most important to the economical working of the machine 
that the lubrication should be satisfactory. Automatic lubrication 
is preferable, and is much more reliable than trusting to the men in 
charge to supply the lubrication at suitable intervals. 



Hadfielda, Ltd., Sheffield. 
Fia. 63. — Gyratory crusher. 


From its appearance, a gyratory crusher might be thought to 
be a grinding machine, but this is not the case. The to-and-fro 
motion of the disc exerts a true crushing action ; the product from 
the machine is largely cubical and free from flat pieces. 

Gyratory crushers, like jaw-crushers, are preliminary breakers 
and are not suitable for reducing stone to powder or even to “ peas.” 
The largest crushers should not be expected to produce pieces less 
than 4 in. diameter, although there will always be a small portion 
(up to 15 per cent) less than this size. The smaller crushers will 
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siiiinfMctorily ivduvi* rtM-kn tn pierces h in. In wit-li ahcHii 20 

par aant. of iHat<TiaI Im^Idw tha ni/.a. 

(Jyralary aruHht*rH have many aOvanta^a;'^, hnl thay ara Hubjt*ai 
to iha foIknvinLC drawhaaks : 

(1) Tha workings parts uf a ^yratnr}' aru.-»liar ara- rait m> raarlily 
a.c'<’(‘ssil)la as Ihust* of jaw arushars, as tha) ara analo^aii in lla^ 
aasiri|j^ of tin* (‘rus}iai% wharaas a jaw arushar is qnita t^pan. For 
this rausorn rapairs ara lass aasily affratad in tlia i^yrafory iypc% 
iha niaahiiu* having to l>a 1ak4*n in piaa(*s aaafi lima a rapair Is iiiacla. 

(2) lOaiawals and rapairs to ^^yratorv amsliars ara inora axpan«ivf» 
than to juav arushars on at'jaaini of tha graatar aost and inon* 
intriaaia. sliapi* of tiu* waarin^ parts. 

Disintegrators ara of thraa tyjws : 

(i.) I'hosa whiait aonsisl of a notary shaft tit fad with a Harias 
of tixad or loosa Inunmars in a strong aasin^^ and, ijy tlalivtaing 
a rapid HUaraHsitai of !>lmv.s on to tha matfaial (whioh rants on a 
a.urv(‘d gratini^:), «iisinta|'rata it into small piaaas whiah fall to tlu^ 
h(d»ioin of tlit* t'anin^i^ anti may In* aolh'attai throin/h a tlisahargt* 
opi‘ning in tha liast*. 

(ii.) Thtjsa whiah consist of two “ aa^^as/' tma nr ladh nf whiah 
nna>lvt* and so alTi*at a tiisinlagrathai td tha inntaria!. 

(iii.) Thtwt^ w'hiah (‘onsisi of haiilt‘rs ravolving in t»na diraatiori 
Hurronndad hy a t'aga whiah nwolvas in tha tippositt* tiirac‘tit*n. 

liar fliHintryratorM crush tha maitu'ial hy thf* aaiitrifugal fonu^ 
appli(*d hy rapidly rtd.ating latrs whiah art* til lad t t» a shaft having 
a Hp(‘t*d \ip to 2tKM) ravs. |H*r min. 'riit’sa maahinas may Ih* vinad 
for a long tiim* withotit iM*atl td rt*pair. an tln^y art* va^ry simply 
anti stnmgly math*. Tin* h<*H tans slntuhl ha, aasily ra|daaatl if ftrok(*n, 
otfiarwist* iht* atmi of rapairs may ha si/riotis, 'rin*y should ha 
locmaly at t5u*h<‘d to tin* axh* so as tt> staml straight tmi f^y a(*ntrifugal 
atdion in tht^ tadinary course <d grintHng* lait hi full Iiaak whan 
a imrhaidarly hart! piaaa is (*naonntara(h as. tiiln’rwisa, tha maahiin* 
may l>a damagad. This inailnul in amployatl in tha ManHfiald 
Dininit^graitir {Fig. hd) ma4a liy F. Mansfiald Fo., livt*rptml, 
and in a similar maahina. mada hy tha Htiirtavant Fngint*t‘ring 
(kn, Ltd. lioth thasa nuiahinas ara aapahla of crushing down to 
10 untsh, anrl napiira nhoui 5 iO horsa power |«*r ion of iiifitarial 
nHlmunl to thw.ma |H*r liour. Ilia hamiin*rs rotata fit lIKKPdrdM) 
ravH. p«*r min. 

ITHUiUly tha hamnnw bars an* quih* straight and iangantial 
to th(^ axis of rotation, hut in tha Happ liavivifiar <lisint4‘grfitor 
(Figs. Of) and 00) miwla hy tin* Link^lkdi Fo., Fliiaago, III., F.S.A., 
th(* bars ara fix(*d at an angla (lika iha hliidcH in a |mg-iidll) ho as 
to tlirow thc^ matf*nnl from aa(*h sida to tli.a c*antra <d tin* macdiiiia, 
wha.n*, a cmrtain ni round hars in phw’ad. Ilia jnirpcma cd this 
arrangament is to inan*aH<* tdia mixing power of the iiiachina and 
prodius^ as homogan(‘(mH a mixture a« possihla. Ah a further 
pra(‘,aution and to pravont the* ('logging of tha liarH, tha easing and 
Huspendtui rodH anj rnceahaniaaily Jolti'd tan tlrna44 |>(*r rninuti:! by 
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nieaiiH of a caiii whi(*h raiwcH the. caHing and thciii allows it to drop 
on to a wooden buffcn*. This machine is particularly suitabki for 



treating old moulding saml and also as a (combined mix(rr and 

(TUShtU’. 

In tlu^ Lightning ( ^ruslun* inadc^ by the IJghtning (]riish(U' and 
Pulv(‘riser (^o., Ltd., I 4a Roselxu-y Avcnuie, London, E.O.l, the 



Lhik Jlrlt C(f., U,S\A, 

Fi(}. 05. -Rapp revivifiw. 


restating shaft (tarries two dis(ts to tint |)erij)h(try of which arct attacdu^d 
four goal-shapcal hammer bars. Idle makers claim that this 
arrangenrutnt rendttrs clogging almost imj)ossible, and that for(u’g!i 
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niairrial, HU<’h as iron h<)lts. etc., ally itit r<tdur«‘d with IIh- 

lias no injurious olToc't . 

A bar disint o|ira1 or will rnish thrn* tinios as luui-fi .^tuno as a 


hinl Mf ra.. ( r- > j 
Kaa Ha|»|i rrvhafif’r. 

jaw cruHliar of {*qual ni/an an<l yoi u ill ria|uir<* ratlif*r loss I ban 
I li.p. par ton of rrushcMl inal4*rial. 


Hirkiir Hnijiwrnnti ft*,, }imn**Mh, 

Flu. <# 7 *- -(’itgi* 

^ (kige DiHmlvgratorH ofaistHt of two fir inon* ofinofril ria aagan 
(Fig* 67) aoirntruaiad of Ht4*al bars nrrangfa! t.o birni sloilafi firuiiw. 
The firKt and third of thana aagaH rotiita in ofif» fiirfa'tion luni tha 
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second and fourth in the opposite direction. The material is fed 
tihrongh a hopper into the centre of the innermost cage, and as 
■tihe cages revolve the pieces of stone are struck by the bars of the 
oages and are broken ; they then pass between the bars into the 
next cage, which revolves in the opposite direction, and the bars 
in this strike the fragments with double force ; this operation is 
^repeated by the bars of the remaining cages. The speed of revolu- 
tion is very high (sometimes as much as 3000 revs, per min.), and 
iix order to avoid harmful vibration the machine must be kept 
■well balanced. 


A combined bar and cage disintegrator consists of an outer 



hlie rapid disintegration of the rock. This type of machine (Fig. 68) I 

made by C. E. V. Hall, ShefEeld. ■ ^ 

Disintegrators work most satisfactorily when supplied with ■*' 

j>ieces 3 in. or less diameter. They will crush economically to 
p>ioces in. diameter, but below this size they are wasteful in 
p>owej* ; for further reduction a fine grinding machine is therefore 
rt <3 cess ary, unless the material to be crushed is of such a nature 
t»Fi.a.t it falls to powder on heating ; some sandstones are of this 
rtebbure and, after calcination, can be rapidly and cheaply reduced 
-bo powder in a disintegrator. 

Disintegrators are also useful for crushing damp materials 
•wliicb would be '' sticky ” and troublesome in other types of 
omsher. They sometimes effect a partial drying of the material, 
a.S 5 the rapidly rotating mechanism draws a large volume of air 
tiIx"rough the machine, after the manner of a ventilating fan. 
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8tarid very Hiiclden and Hhockw, and slionld bo provided with 

HJifety cliitcheiH or .sornc^ other dcwic^ti to prevent accident in cane 
a bolt or other article of (ixe(^|)tional hardntvss entcvrn the machine. 

Powerful HpringH, whicii are coinpreHH(‘.d wlien an abnormally 
hard piece of material enters betwec^n the rolls, are somc^tinieH 
used, but are not really satisfactory, as they usually yield too 
readily and producer too (^oarsci a product. Th(\y are bettcu* rejrlaced 
by safety clutches fitted with a pin which brciaks wlien a dangcu- 
point is reached. Rulrber buffers have been used to takci up the 
strains, t)ut they ar-e unsatisfactory and should not be omploycul. 

Thci shafts carrying the rolls an*, also subjected to very great 
str(^ss(^s and should b(5 rnadc^ of the best cpiality axle steel. They 
should be of ampler diameter, so as to be sufficicuitly strong, and they 
should be ])i*operiy balanced, or accidents tnay occur when they 
art!: drivtvn at high spc^tnls. It is also nticessary that tluvy should 
be mounted in long bearings lined with ]hosphor-I)ronze bushes, 
as white mental wears too quickly in this class of machine unless 
it has a very large proportion of tin prtisent. 

The bearings should bt^ kcqit in good (x)ndition, or the distantio 
btitween the rolls may vary as they revu)lv(^, thus giving a product 
of irregular size. 

The fiywhtal should bt^ of large size ; small ontis are irudhcltmt 
on accmimt of their irngidar working when largt^ or hard |)i(^ces 
of material art*. supplit‘d to the, mill. 

All paits of the machine^ must bt^ f)ropt‘.rly lubricatt^d, otherwises 
a grt‘at waste of powtu* may octmr and tins btiarings may require 
fre(|U(‘nt r<*n(swal. 

d’he sptHsti trf (srushing rolls varitss considtsrably. Totsthtsd rt)lls 
may bts drivtm at 2(K)-25() ft. ptsr min. ((‘.quivaltsnt to 48-()() revs, 
per min. with 16-in. rolls), but smooth rolls are HomtdJmes drivtm 
at 2 1 “3 timers this speed, spcH^ds up to 1000 ft. per min. being ustnl. 
A good method of estimating the most suitable’! spetitl at whic,h 
the crushing rolls should l)e driven is by the ust‘, of tht? following 
formula : 

S- ](K)0-300 log 

wht‘r*(* H rtqu’tjsents the pt*.ri|)heral speed of tlui rolls in ft, p(u’ min., 
whilst d is the: diameter of th(? pie(^(^H fcnl on to the*, r'olls in inciu’s. 

In some cas(*.s the two rolls in a })air an*, drivcm at dilhu’cnt 
H|K‘(‘ds. This increast^s the*, (*rushing power and rcHimsi^s the amount 
of slip. The diffenmcc*, in spewed should not be exet^ssivcq or troubles 
will l>e eaus(Hl by the rolls bumping ” and working irregularly. 
For low H|)eeds one of the rolls may b(^ drivtm by mtuins of a bt^lt 
and pullcty, whilst the other is driven from tht) first roll by mt^ans 
of c;og-wh(^elH. For high spe^eds, however, this is iTrrf)()SHibl(% and 
thc^ roils must bt^ driven separately by means of bt^lts, as gtuirt^d 
rolls cannot be drivtai at vtuy high sptHKls without their (dlicit^m^y 
bidng much lower than wlien they are driven separately. 


(’itrsHixcj iu)ish^ 
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Thr outpui i>f ci’nshinij: r(»ll> nn tlivlr -izr and idiajH*, tin* 

sizn nf tlu* nmtrrial supplijal tn tin* and tfa* >izf tu uhi<’h Ilia 

rtininrial in in Ih‘ (*rush<ai. If th<* >|)ar<' hrtwri'ii the \vi‘!*r 

inuously lillnd with <*rMi>h«-d niat^'i-ial, tin* ontput wntild Ih‘ 
AS cn. ft. }H*r min., Imt a.s tfuH (MUiditinn i>, nrvrr fultilh'd a mura 
{’orrcrt fniinula is 

Output, in (‘U. ft. p«T min. .\S cn ti/’ u-la|. 

w‘iu‘n‘ A is tlin nraa <»f tin* ojHminir in hipian' ha t. 

S i.s tlu* .spca-cl (d tlu* rnlln in frnt p«'r niinufr, 

Spa<*i* hctwnun mil- (in iiudia.s) 

Dianu'tnr nf partirh-s fad nn tn mllv (in im’hrs) 

ddu* pnw'ur n*(|uir<’d f<»r nnishiiu^ mll> is rathi-r ^na*at, ahnnt 
*A h.j>. hnin^ij r(*i|uin*d for a juiir of ndls 12 in. «iiaiiu*trr and Itt in. 
wido, Ihdls 21 in. in dianu'tor n’qiiin* tl 12 h.p,. whilst tho.sc 
32 in. in diatn(‘ior roijuim about. lo IH inp. to dri\i* tlu-iii. 

d'abh* LX IX. shows tlu* output niul powor m(|uiri*<i for rolls 
(*ruKhing to grains ulumt I in. in diamotur. 
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(VtLshing rolls an* partirularly usi‘fid for prodtu-ing ruhical 
pioroH 2 I in. in cliainoitT. Willi soft matorials thi*\ tond to givi* 
flaky pi(‘C(*H, but hard rooks am! sands broak into angular fragmonlH. 
HoIIh nhould not, as a ruk*. bo tisi’ti for linor orushing, as thoy an* 
thon waHtoful in powor, though, apart from this, tlioy mnv b«‘ 
oniploy(*d for rodmdng siotio to a oonrso powcfor. 

On ac'oount of tho groat worn* and t<*ar on f ho surfaoo of tho rolls, 
it in noc*(*HHary that thoy should he* iiiach* <»f a vory hard motal 
HUC’h as {diilh*d iron or inanganoso sL*f'i. In most raHos a rim of 
HU(*h matoriai is fittod to a cam* of softf*r nu'tab na that, wlion worn, 
tho ritn may he* n*m*wa‘d without tho of obtaining an 

ontiroly now roll. In some* orushing rolls sii|iplic*d by SutolilTo, 
H|KUikman k (V>,, lA,d., tlu* rim is oomposcal of .sovora! rirign about 
4 in. wide*. As ihe^ oontn* of tho rolls wm-vn fastc'st. by using 
Bovcu’al rings inHk*ad of a single* rim tho worn part in the* c’(‘ntro 
may he*, re^plaood liy ohauging tlu* peisition <d' tho rings, ho that 
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durability is ()l)ta/in(‘<l and tlu’; vv(‘ar is k(^})t uniform over 
thc^ whole kuigth of the rolls. 

Th(‘. uniformity of th(i surfa(*.e of the rolls is Hy)ocia.lly imy)ortant 
where th(‘ grinding is lim^ as when tlu^ rolls are not profRudy carcnl 
for th(^ siz(i of the: product is v(u*y irregular. 

Tht^ rolls may be drcissed, when recjuircd, })y means of a grinding 
wh(H‘l. A s[)ee.ial attachment should pn^fcirably he used, so that 
th(^ rotating grinding wheel may be mov(Rl stcuidily acu’oss th(^ 
surfa(^e of th(^ roll without having to remove it from its Ixuirings. 
'’Fhis may h(‘, done by using a long screw carrying the frame which 
supports tlu^ grindirig whe(d, tlu^ transverse movem(uit of the lattcn* 
b(‘ing a(u-om|)lished by slowly turning tlu^ senvw (dtluu- by hand 
or })y })ow(‘.r. Einc^ (unery or (corundum wlKxds may bc^ nscxl with 
v(*ry satisfactory rc^sults. 

VVlum dr(sssing a I'oll, it is rotated slowly and th,<‘ grinding 
wdi(‘(‘l is startc^d at one. (uid and is set so as to nunovc^ a thin “ skin ” 
at first. As the. wluxd i'eaeh(‘.s th(‘. cxuitre of the roll it will not 
grind, as th(^ wh(‘(d is too hollow at that part, but it r(H*,()iiunen(‘.es 
grinding as soon as it has pas.sed a<*.ross tlu*. liollow. Aftcu* nuuhing 
the otluu’ (md of th(‘ rf)ll th(i r(‘.v(u*sing of th(^ sen^w (vnables the 
grinding wh(‘(d to r(‘mov(^ a furthiu* quantity from the roll. This 
is eontinu(‘d until all tlu^ hollows and d(q)ressions hav(^ Ixxm rcunoved 
and a tnu^ (‘ydinder is produecul. 

Edge-runner mills or pan t!iills c.onsist of rolls of very large 
diam(‘ter but small width of (crushing fac.(i, which crush the 
mabu’ial eontaimxl on a pan or })ed Ixdow the rolls. Oru^ roll or 
rumuu* is som( ‘timers us(‘d, but tlui machim^ is bcttcu’ balanced and 
a Iarg<‘r out[)ut is obtaincxi if two rolls are <unploy(Hl. The hori- 
zontal shaft carrying th(i rolls on th(^ shaft may Ix^ fixcxl and th(^ [)an 
or Ixxl revolvcxl, or th(‘ bcxl may be fixed and th(*. rolls revolved. 
Th(^ latt(u* {ciiascu* mills) arc^ thc^ stronger and an^ largely uscxl for 
crushing lumps of rcxdi and rcxlueirig them to powd(u* ; mills with 
rcnx)lving pans are more (x::onotni(uil in power and prodtux^ a b(tt(u‘ 
and morc^ uniform powdeu* if su|)plied with piexx^s of stones not 
exce(*ding 2-3 in. diamettu*. 

Pan mills of this type an^ jjartieularly useful for grinding moist 
matcu’iaLs, and as they have? a very pow(u*ful mixing action tlx/y arc‘. 
(‘xtcnsiv<*ly usexi in the sand-working industries. As th(‘.y arci 
ehicdly uh(x1 for fine grinding, thew an^ more fully descudlxxl latcu*. 

Precautions in Crushing. -Whiedu^vau* form of macdiim*. is 
cunploycxl for tlu^ pndiminary erushing, it shotdd Ix^ suflieitmtly 
large to crush the larg{\st f)i(xx*s likely to Ix^ d<div(u'cxl to it. If 
many pi(xx‘s have* to Ix^ brokim by hand the valuta of the. macdiim^ 
is (x)rr(‘H|)ondingly redmxxi, yet many firms inakc^ the*, mistake of 
using too Hiuall a e.ruslKT for tluur pur|X)se. Within nxisonablo 
limits, it is far elxxiper to hav(^ an (^x(x^Hsiv(dy larg<^ mae.hirH^ working 
Widl below its (capacity but taking all th<^ matcudal ted into it than 
to have* a smalktr one^ working at full (!af)ae,ity but nxpuring If) fxu’ 
cent of the? mateuial to be brokeui by hand IxxjauHc*. it is too larger 
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to enter the machine. On the other hand, as the larger machines 
require much more power, it is not economical to use a machine 
which will deal with pieces far larger than are likely to be supplied 
to it. If the pieces too large to be crushed by the machine do not 
exceed 3 or 4 per cent of the whole output, it is usually cheaper to 
crush them by hand, or even to reject them, than to use a very 
large crusher. This is a matter which depends so much on local 
conditions that no general rules are of much value. 

It is also wasteful to overload a crusher, as this causes clogging 
and results in loss of time and a low output. It should therefore 
be avoided as much as possible by the use of a sufficiently large 
machine. Overloading may often be avoided by the use of a screen 
or grid which separates all the material which is of the size of the 
crushed product and so does not need to go through the crusher. 
A suitable automatic feeding device is also invaluable, in some 
cases, for preventing overloading. 

In order to avoid an excessive amount of dust from the crushers, 
it is advisable to employ chutes to deliver the raw material gradu- 
ally into the crusher. These chutes may be perforated so as to 
act as screens and separate the small material, which can then by- 
pass the crusher. 

If the dust from the crusher is very objectionable, it may be 
diminished by means of a series of fine water sprays or steam jets, 
which will damp the material slightly ; an excess of water should, 
however, be avoided. 

In the preliminary crushing the rock should be reduced to about 
the size of walnuts (^.e. ^-1 in. diameter), as pieces about this size 
may be dealt with satisfactorily in almost any kind of fine grinding 
mill without serious loss of power, whereas the same mill when 
supplied with pieces 2 in. or more in diameter may easily require 
25-50 per cent more power. It is not, however, economical to 
reduce the whole of the rock to powder in the crushers, as the 
amount of power required would be excessive. The number of 
crushers and their sizes which will give the best results will depend 
on the size of the stones and on their nature, as hard stones will 
require more crushing and will therefore result in a lower output 
per machine than can be obtained with softer stone. In the sand- 
working and allied industries it is seldom economical to use a 
crusher which will accommodate pieces larger than 14 in. in their 
longest dimension, as such pieces usually form only a small propor- 
tion of the whole material and are preferably broken by hammers ; 
where they are sufficiently numerous, however, larger crushers may 
be needed to deal with them. Eor economical crushing it is usually 
advisable to reduce from the largest size which the crusher will 
take down to about 4-in. cube in the first, from this size to 2-in. 
cube in the second crusher, and from 2 in. to in. in the third 
crusher. Where only two crushers are employed, it is possible to 
reduce pieces 4-in. cube to about ^-1 in. at one operation, though 
when the output is sufficiently large to employ two crushers and a 
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screen to do the same work, tlic latter arrjinge-nuint will ho th() 
more economical. 

It is preferable to have the coarse crushing rmujliiruis di-iven 
separately from the other machines. It is also vc^ry (h^sirabk^ to 
keep duplicate parts of the various fittings, as minor r(v[>airs a-rc^ 
frequently needed. 

One of the chief difficulties in the crushing of silici(H)us mat(uhilH 
is the introduction of iron into th(i product. Hiis cannot b(‘ 
entirely avoided, though by using special steed (sucli as manga, ru^sc^ 
steel) for the grinding suii’aces the amount of iron in th(‘- lim^ 
product may be reducjcd to a minimum. Idiis is spcuvially ruHH^ssar'y 
in the case of sands u8(*d for glass-making, wh(‘.re a, ])roduc.t con™ 
taining less than 0-C)5 per exmt of iron as ferric? oxide is vea-y d(?sir*“ 
able. The greatcu* part of the nmtallic iron introducuxl in f.h<‘. 
pro(?ess of crushing and grinding may be removed I)y a magrudic, 
s(?parator, unless it has become oxidised, when it is no long(‘r 
attra(?ted by a magrud. 

The position of the crushers redative to the? fine? grinding pla,nt 
is imi)ortant. They should be so situated that the crusluxl matKudal 
is deliv(U'(id into a bin or on to a platform whi(?h acts as a tcunpoi’ary 
ston? from which an axitomatic feeding dcwicx? may be a-rrangcxl l.o 
Hupi)ly the fine mill, or from whi(;h the crushed material may b<? 
shovcdlcd into the fim? mill as reejuired. 

Feeding Primary Crushers .“ -*T output of a c.ruHluu’ is lar*g(dy 
influenced by th(i manmu- in which it is supplicxl with matcndal. In 
ord(‘r that tlu? su|)ply may be as regular as posHibl(‘, a charging 
platform or ho|)p(u- is xisually (‘ssential. Wh(?re tin? rnatm-ial is 
brought in wagons, it shoxild ho large enxrugh to a(?eommodat(? a 
r•<xlHonahle nurnb(‘r of wagons loaded with sand or rcxdc, as w(dl as 
thc^ empty ones which accumxdatc? before they can be eonvcuiiently 
taken away. A small (;harging platform is a eontinual sourex? of 
annoyanxic and risk, and it ought to be enlargrxl as soon as possibk?. 
The jrlatform should he sufficiently above the erushiu’s to cmabb? 
the latter to bo fed easily, and yet it should not ho so high as to b<^ 
im^onvenient. The most suitabk? height for tho platfornr is a f(‘W 
inch(‘s above the hopper of a gyratory (trusher or th(? mouth of a 
jaw-crusher, so that the stomps can slide into tho machinx? down a 
Ii()|)p(‘r or (diute. When a mixture? of stomis and sand is d(div(?red 
to the? cjmshers by means of a conveyor, a x?harging platform is 1 (‘hh 
need(*d, providexi the crusher has a sufficiently large? hopper. In 
Buedi a case the; advantagc;H derived from serexming the; mai<;rial 
HO that only the (X)arse powder go(;s to the; crushexr are; so obvious 
that it is rc;markable that so few firms use a sereievn for this 
purpose. 

Automatic feeders for preliminary crushers must be; of ve;ry 
solid (X)n8tructi()n on account of the large; piecjcs of material dedivexxxl 
to th(;m. Rotary base feeckers, cxmvciyor bedts, b(;lt (jlevatorH, <;te;., 
deseribexl later for feeding fine grinding xnacihines, may be; adaptexl 
to feed preliminary crushers, but the wear and t(;ar is very gre;at. 
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For many purposes the most useful method of feeding crushers so 
as to secure a regular feed and not to put in any material which 
need not be crushed consists of an inclined grid or grizzly with a 



Fig. 70. — Reciprocating grizzly feeder. 

reciprocating motion (Fig. 70). The material is tipped on to this, 
the small pieces passing through whilst the larger ones pass along 
and are discharged into the crusher in a steady stream. Another 
method consists of a conveyor belt composed of link-bars (Fig. 71) 
with convenient spaces between them. This belt allows the small 
material to pass through, but carries the larger stones to the 



Sandy croft. Ltd., nr. Chester. 
Fig. 71. — Ross belt feeder. 


crusher. Being much longer, it has a much greater screening effect 
than a grid, but it requires cleaning frequently or the wear and 
tear on it will be very great. Fig. 72 shows a modification of 
this type of feeder in which a rotating cage is used instead of a 
link-belt. 
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tb. feeding device (Fig. 73) consists of a number of discs 
m a shaft so as to form a sort of roller supported in an 



Fig. 72. — Boss feeder. 

the chute supplying the crushers. As the material falls 
chube, the large particles pass over the rotating discs, 



smaller ones fall between them and downwards into a 
ceiver. 

‘ Grinding 

•m grinding ” is used rather loosely, but is conveniently 
bo mean the reduction of a material to powder as distinct 
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stamps. Tli(‘ stain })s weigh about 2000 lb. ea(^h and rise xl^sually 
about 7-20 in. ; thc^ number of blows is xisually 16-32 per min. 

fin(‘n(‘ss of th(‘. product in dry stamps depends on their 
\V(‘igbt, tlu‘ distane(‘ through which they fall, and the number of 
blows appli{*d, /.c. on th(^ tinier ocuaipixal in grinding. 

In w(‘t sta,mps, a. strx^am of water is passed through thc^ stamper, 
and this determines, to som(‘. extent, the fineness of the grinding. 

Th<‘ stamps an^ eylindric^al in shape and ar(^> constructed of cast 
sted or tough whit(‘ iron. The stamp is fixed to a cast-iron head, 
which in tmai is to a wrought-iron stem which carries a discj 

by nH*ans ()f whidi t}i(‘ earn on tlui driving shaft lifts the stamp and 
allows it to fail. 

Th<^ stamps ar(‘ usually arrang(^d in a series of five, and are made 
so that they drop orif^ after the other, the best order of dropping 
hdng I, 4, 2, 5, 3, (a)unting from left to right. Two sets of five 
stamps may Ik* <Iriv<ai from one? shaft, the engine being placed 
t>etw(*(*n tile two. 

In tlu* Lalifornian typ(‘, tlu^ stamps ar(‘, nuuk^ to revolve so as to 
(‘UHun^ mor<‘ (iV(‘n working, Th(\se stamps may weigh up to 1200 lb. 
and ddiver about 80 blows pea* min. In a more recent stamper 
drivxui by pnc*umati<5 pr(*ssure, the stamyis weigh 1250 lb. each and 
d(‘liv(*r 130 blows p(‘r min. ; this stamp has an output of about 
20 tons of sand peu* 24 ho\irs. 

On account of the w(‘ight of th(^ stamps, the machines nrust 
he v(*ry strongly eonstru(4K*d. IIu*. bottom is usually built on a 
(»oiU'n*tK^ foundation kn^dkal off with a rich mixtun*. of sand and 
eenumt ; on this is |>lac<‘d a slundi of rubber in. thick, then a 
piece of w(»od 6 in. Ihiek, and on this is |)lac(id the stamj) box., 
whi(*h is made of east iron with I -in. drilled iron linings, the whole 
b(*ing bolted i>o the eoncrede^ foundation. 

The power of a stain is 


V) xs xlxn 

60 


ft.-Ih. per min., 


if iP r(*preH(*ntH th(^ wx^ight of (uich stamp in lb., .v represemts the 
ntnnh(*r of stamyrn, I r(*f)rcmentH the distance of drop in ft., and 
n etfualH tJu* numbiu’ of blows p(vr min. It is usual to multi})ly 
the result of this cakmiation by ^ bo as to allow for friction ; the 
n‘Hult HO obtained wlum divided by 33,000 givcis the horse-power 
r(H|uired to driven th(? starnpH. Stamps give the hmt results when 
fed with matc^rial k‘.ss than 2 in. in diameterr. 

Ball mills (‘onsist of a revolving cylinder, lined with specially 
hard f>Iiiti‘H of hU(4, flint, or porcelain, and containing a numlxu* 
of halls of iron, steel, porcelain, or flint, of various carefully dcdcu*- 
iiiiried sizers. The mat(;rial to be ground is put in th(^ cylindevr, 
whicli is them closevl and the mill is rotated, the impact of the balls 
u|)on thr^ material rediKung it gradually to th(^ r(K|uired size. Mills 
of this kind may b(^ eitiu^r intiirmittent in action, in which case*, 
they must be stopped, emptied, recharged, and started again at 
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intervals, or they may be made contimious by providing them with 
a suitable side-feed hopper and connecting an air-separator or screen 
to the ball mill, so that the whole forms one grinding unit, the 

coarse material from the separ- 
ator or screen being returned 
to the mill and re -ground. The 
ball mills of a wholly enclosed 
type which work intermittently 
are commonly known as Alsing 
cylinders (Fig. 75) ; they are 
charged and run for a pre- 
arranged number of hours and 
are then discharged. Very fine 
powders can be obtained in 
this manner, but the process 
is expensive. 

The continuous type of ball 
mill is provided with perforated 
plates of specially tough metals 
arranged so as to form a stepped 
grid. On rotating the mill, the 
balls fall and roll from step to 
step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passes through the perfora- 
tions between the plates and falls into a hopper below the revolving 
part of the mill. In some ball mills, such as those made by Messrs. 
Edgar Allen & Co., Ltd., Sheffield (Fig. 76), the fine material 
falls first on to a perforated steel plate, which separates the coarser 
grit, and then on to a wire gauze of finer mesh ; the powder which 
passes through the gauze falls out of the mill and is conveyed 
away ; the coarser material remaining in the mill is re -ground. 
The objection to ball mills with gauze is the wear and tear on the 
latter and the relatively small output of the mill. By removing 
all the material below ^ in. diameter as soon as it is formed, and 
treating this outside the mill (as in an air-separator), all choking 
of the mill is prevented and the output is greatly increased. The 
tailings from the separator are automatically re-ground when they 
re-enter the mill. 

A continuous^ ball mill made by Hardinge (Fig. 77) consists 
of an unsymmetrical double cone rotated by gearing and containing 
balls of varying diameter, from 5 in. to 2 in. or from 1|- in. to | in., 
according to the hardness of the material and the size of the product. 
The shape of the mill is such that the largest balls remain in the 
part of the mill which has the greatest diameter, whilst the others 
gradually distribute themselves along the cone in order of size, 
the smallest balls being found at the point of the cone. The part 
of the mill having the largest diameter has a much greater peripheral 
speed than the rest of the mill, so that the grinding effect is roughly 
proportional to the size of the particles ; this effects a considerable 



Wm. Boulton^ Ltd., Burslem. 
Fig. 75. — Alsing cylinder. 
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Edgar Allen & Co., Ltd., Sheffield. 
Fig. 76.— Ball mill. 


reduction in the peripheral speed as the ground particles pass 
along the mill, prevents ^ ^ 

highest speed and falling Eardinge Co., London. 

through the greatest Fig. 77,— Hardinge ball miU. 




BAI.L MILLS 


distance*. As tin* an* radnceMl in size they move ulnnu; 

the mill and (mhih* int<» eontael v\‘ith smaller halls travelling at 
smaller H{>e<*ds, tuilil eventually the mat/erial reaches the* |)ca!it 
of the eone at the farther end rd tin* mill and is diseharged. The 
ad vanta.g(‘S of the Hardingc* mill are iis cunt immus t^peration, 
thc^ high rate* of grinding, and the small amount of poaor na|idn*d, 
whic’h is due to the* prognsssive and rapiel removal of the material, 
so that no <‘nergy is wast^sl hy tJie presemce of tine material amongst 
t-h<‘ coarsen* parti(‘h*H. Mills \viii«*h are hal with J in. or Lin. material 
may he* use'd eithen* wet or dry, am! reaelily reduce* any Haiuistoiie* 
Huflie*ie‘nt ly hue* t<» c'nahh* a large* preqaaliem of it to paas thremgli 
a- 2<M) nH*Hh sieve. 

An H ft-, mill reepHres ahemt 5(y h.p. to re*elue*e* d IL terns ed 
mate*rial {>e*r hour se) that it will e‘ntire*Iy pass a 4Hme*.sh sieve*, 
anel 2H-H h.j). will re*rhu*e‘ I *7 tons pe*r hmu* tee see fine* a peewder 
that it will pass thremgh a 2tH)-me*sh sie»v«*. 

d’he* we*ight e>f the* halts in propeaiion te» tin* size* e»f a hall mill 
is a very impeertant faetm* in s(*euring the maximum e*l!ie'ieney. 
7 able* LXX. sheiws the* appreoximate* ue*ighl e>f halls fea* mills id 
difTe*r<*nt size's. 

1’4imK LXX. SezKH of Bai.i.m in (’vi.iNmm ai. Hai.o Miij.s 
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The* we*ight ed the halls should he* ke‘pi as e'onstant an possihli* 
hy <*h*aning and we*ighing themi ahout one*e a month amt by making 
goeal any defie*ie*ne'y as edtem as is nef'e.Hsary. 

71a* size* ed’ the* halls tised de*{M*ndH on the* e’haraeter ed the* 
material groura! anel ed the* preeiiued ree|uin*d. Hard miite'rials 
and a eoar.se* fe*<*el n<*ce*HHitat<’ the use* ed larger lialls. whilsi for Hmall 
and sedt matiiTial small laills are* reapnreal, hut in all eiiHi's suffieient 
small hiills should la* UHf*d te> fill the* spime*H hetwe*e*n the* larger 
on(*s. The' C*roKsIt*y Hngin<M*nng C*o. advise two hundred |M*hhIe*s 
ahout 2 in. diam«*le*r in a 2hdn. mill ; anel ahemt forty jM‘l>hle»H 
(d about 1| in. diame*t4*r in a Htin. mill, the* e'harge for a 2hdiL 
mill iK'ing ahout 2d<l Ih. ; the*y also advise* tliai the* niiils lai filled 
to ahnost nin<*-tenthH ed the*ir eapaeiiy. 

The*, peiwf^r re*r|uired to elrive^ hall niillH ed variemK size's is sliemm 
inTahkLi.XXL 

Ball mills Hhe)tilel Ih^ mippli<*d with small pie(*e*« ed rniiteriaL 
prede*rahly not more* than | in. diarnet^T, in eerder to scH’tire the 
most rajiiel and c*(*onoinic*al grineling, hut larger piec*e« an* edte*ii 
supplie^d. 

It iH important that the? mill should not Ik? e>verkmde*ei, as if 
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lABigth in f(u^t . 
DianK'tor in 
H(>rH(*-p()\v(5r 


too much material Ls supplicul the time of firriadiniif is disproportion ■■ 
at(‘ly h‘ngthcn(‘<I. 

liall mills arc^ only suitable for use where rounded grains of 
sand ar(‘ satisfac^tory ; they do not produ(!e angular grains, and so 
should not he us(hI for purposes whxu’o angular grains are required. 

Tube mills (Fig. 7<S) in many rcispeets resemble ball mills, but 






Ed'jitr AUrn tf; (U>., hid.., Shi\{Ji.idd, 


Fkl 78. — Tub(3’’rrull. 


are, l(mg(U' and ('.onsequently mxich more suit(;d for grinding largo 
{|uantitieH of material to so extremely fine a powder that it is difficult 
to sieve it. It is found in practices that the uniformity of the 
|)roduct is so gnuit that it is unnecjessary to use sievcH and no 
provision is made in the machine: by which th(\y can h(i uhckL In 
this r(3S|KH;t a tube mill differs from a ball mill whieffi delivers 
a |)rodu(^t containing particles of various si/.es. ’ldk(^ ball mills, 
tube, mills also pro<lue(^ grains which are generally roundcHl in 
shape and not angular. 

Tu1k 3 mills ar(3 <?KHe.ntially ‘‘ fine grin(l(;rs ’’ and work Ix^st when 
Huppli(xl with coarsely powdenxl mat(^rial ; for this reason, th(\y 
are oftem uh(xI in conjunction with and in succession to hall mills. 

The cylinder’ is slightly inelincxl and rotatcxl at about 25-30 revs, 
per min. Ac<x>rding to Davidson, the Hj)eed of rotation should b(^ 
200 * 

nwH. |M*r min. when^ d is tlu^ int(^rnal diam(‘ter in inehc^s. The; 

(;oarH(i grit cuiters at orui (Uid through an automatic, feed ; it gradually 
passim by gravitation to the outlet at th<i otlua* cmd, bcting ptilviuised 

VOL.*'l 2 ,B 
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and reduced in its passage by the crushing action of the balls 
falling upon one another during the rotation of the cylinder. Flint 
balls or pebbles — being a natural product, comparatively inexpensive 
and of extraordinary hardness — are usually employed, but steel 
ones may be used where the presence of iron in the product is not 
objectionable. 

When a tube mill is first started it is charged with pebbles 
or balls in prearranged proportions, but replacements are always 
made with the largest size, as the mill automatically produces 
the smaller pebbles in the course of its work. The weight of the 

balls or pebbles is usually about 
lJ-2 times that of the material 
to be ground, or, according to 
Davidson, of the capacity of 
the mill in cubic feet. 

The lining of the tube mill is 
composed either of cast-iron strips 
or of small specially prepared 
bricks of a nature somewhat re- 
sembling porcelain and laid in 
cement. The durability of a lining 
depends upon the character of the 
material to be ground, but a suit- 
able lining should, with ordinary 
care, last at least a year. In 
many cases, linings serve eighteen 
to twenty -four months. 

The output of a tube mill de- 
pends on the ultimate fineness to 
which it is required to reduce the 
material ground in it, and also upon 
the size of the pieces fed into it. 
By reducing the rate of feed, it is 
possible to produce a material of 
almost any degree of fineness. 

The fact that the balls in a tube 
mill have an extraordinarily large grinding surface makes it possible 
to run the mill at a slow speed, so that almost all the power 
required is actually used in the grinding process itself and is not 
wasted in maintaining a high speed of rotation. On the other 
hand, the great weight of the balls in relation to the material to be 
ground makes tube mills costly to drive as compared with ball mills 
and sieves. In short, tube mills are expensive in first cost and 
in maintenance ; they are moderately, yet not highly, efficient, and 
their chief recommendation is the certainty that the material is 
properly ground and requires no sifting or other treatment. 

Lehigh-Fuller mills are a type of ball mill in which the centri- 
fugal force of the balls is used instead of their weight. Such a 
mill (Fig. 79) consists essentially of a fixed cylinder containing 
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a hardened steel ring or race against which the material to be ground 
is fed. In the race is a number of hardened steel balls which 
are driven round in the race by means of a rotary casting, resembling 
a heavy rimless wheel with a ball lying loosely between each pair 
of spokes. Air currents caused by fans in the upper part of the 
machine lift up the smallest particles of material and throw them 
against sieves through which the finest particles pass, the remainder 
falling back into the race to be re-ground. The mill may be very 
conveniently fed by means of a screw conveyor (p. 382). 

The Lehigh mill is especially valuable for the production of an 
impalpable powder (about 85 per cent passing through a 200-mesh 
sieve), when the quantity required would not justify the erection 
of a ball mill, but all 
centrifugal mills are 
extravagant in power 
in comparison with ball 
and tube mills. 

Roll mills (Tig. 80) 
are also of the centri- 
fugal type, but in them 
the ring against which 
the material is com- 
pressed during the 
grinding is arranged 
vertically instead of 
horizontally as in the 
Lehigh mill. Inside 
this ring are three rolls 
mounted on horizontal 
shafts : one of the rolls 
is positively driven ; 
the other two rolls 
and the ring derive Fig. 80. — Roll mill, 

their motion by friction 

from the driven roll. The material to be ground enters the mill 
above one roller which acts chiefly as a feed roll, and the material 
is drawn by the revolving ring under this roll and on to the other 
rolls which complete the pulverisation. The mill takes about 
25 h.p. to grind 1-3 tons of material per hour (depending on its 
hardness), if supplied with pieces up to 1 in. diameter, and the 
product will leave a residue of 8 per cent on a 100-mesh sieve. 
The same machine will produce 1 ton per hour of a material 
leaving a residue of only 7 per cent on a 200-mesh sieve. 

Pendulum mills act in a similar manner to a mortar and pestle, 
though on a much larger scale. A typical mill of this kind is the 
Griffin mill (Fig. 81), in which the '' pestle ” consists of a shaft 
suspended vertically from a universal ball joint within the pulley 
from which the machine is driven, a small crushing roll being 
attached to the lower extremity of this shaft. As the shaft revolves, 
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ih(‘ I’oil at it.s lower end swiiif^s radially outward and i^rhidH any 
iniderial between it- and a rin^^ or die wliieh forinn tin* “ uitaiar/' 
d’lu* pendulum shaft is mounted on ti'unnions whieli work in half 
boxes ami slide up ami down reeesses in the ptdley fiend ease, ho 
that the crushing ndl is fna* to swing in any direction wit-Idn tin* 



Fan Hb IViaiulara ritilf. 


c’lining. To the fjottoin of the roll in atiiK’hefl a series of plotighs or 
Htirrern wfiicdi %ioh»ntIy stir the rniiteriii! In the fmri %id'yc'h fomm 
the la>tti>?n of the mill and thrrm' it hetw'ern thf» enwhirig roll and 
die. A hill attaehed to the shaft above the cunwhing roll keeps the 
ground partieIf*H in nn»tion and driven them against a eireuliir Hi(*ve 
or scu’C'cn afiove the tlitu Thom‘S piirtieles wdiieh an* fine (Uiough to 
pmn through tlie move <I<i ho and are <liscdiarge<l from tfie miudiini't 
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on to a oonveyor ; thc’; insufficiently ground particles fall hack into 
th(‘ pan at the bottom of the mill, ready to bo rc-ground. 

Griffin mills are driven at 150-200 revs. ])cr min., at which speeds 
the makers claim that a presHure of (iOOO-SOOO lb. is exercised 
agiiinst the die. 

The Gus ” pendulum mill (Fig. 82), made by 0. E. V. .Hall, 



(\ n, V. Uall, Shf'Jfficld. 

82 . OuH ” mill. 


Sheffield, is of similar design to the Griffin mill and is (tapabk^ of 
grinding |“in. pieces to an impalpable powd<u’. A B])ecial f(^atur(^ 
of this nuudiine lies in the (letails of construction, which redmje thc^ 
power r(H|uired to much k^ss than that ncioded by otheu’ ixmdulum 
mills having the same out)')ut. 

Anothc?r modification of the ordinary type of peiiduhrm Ttiill is 
mad{^ by the Raymond Impact Pulveriser (jo., of (Jhicago, U.S.A., 
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in which from two to five pendulums are employed, each being 
suspended from a central casting which carries all the moving 
parts. The action of the mill is the same as in the Griffin type, the 
material being stirred up by scrapers and ground between the 
grinding ring and the pendulums. 

Grindstones are sometimes employed for fine grinding. These 
machines usually consist of two circular grindstones running close 
together in either a vertical or horizontal position, so that the 
material is ground between their adjacent faces. Natural sand- 
stone or chert carefully chiselled to the desired shape is usually 
employed, but artificial stones are being increasingly used. The 



Sturtevant Engmeering Co., Ltd., London. 
Fig. 83. — Horizontal grindstone or Burr- mill. 


stones may be of various sizes up to about 5 ft. diameter and are 
rotated at 120-180 revs, per min., the smaller stones being rotated 
the most rapidly. The power required is about 18 h.p. for an out- 
put of 1-3 tons per hour, depending on the hardness of the material 
to be ground. 

Mills with a horizontal and a vertical stone respectively are 
shown in Figs. 83 and 84. Grindstones are chiefly used for reducing 
materials to an extremely fine powder (“ flour ”). At one time 
they were extensively employed, but they are now gradually being 
replaced by tube, ball, or pendulum mills. 

Edge-nmner mills are largely employed for reducing siliceous 
materials used in the manufacture of silica bricks, sand -lime bricks, 
etc., where it is desired to produce angular particles without too 
large a proportion of dust. An edge-runner mill consists of a pair 
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C. Whittaker ds Co,, Ltd., Accringtoyi. 
Fig. 85. — Chaser mill. 


(i.) Chaser mills, in which the rollers follow each ofcher in a 
fixed pan (Fig. 85). 
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(ii.) Revolving pan mills, in which the pan is rotated mechanically, 
the rollers merely turning on their axes as the result ol the friction 
between them and the material to be ground (Pig. 86). 

For reducing large pieces chaser mills are better on account of 
their great strength, but for pieces less than 3 in. diameter the 
revolving pans are usually preferable. 

Chaser mills with fixed pans can be made stronger than mills 
of the revolving pan type, as the pan of the former can be placed 
on a solid foundation, and there is less liability of damaging it when 
the rollers are raised several inches by the introduction of large 
pieces of hard material. Edge-runner mills may be either over- or 



0. Whittaker dt Co., Ltd., Accrington. 

Fig. 86. — ^Revolving pan mill. 

under-driven, the over-driven type being most generally used, as 
the gearing is more readily accessible, is less liable to be clogged by 
dust, and more space is available beneath the pan for the collection 
of the ground material (Fig. 87). 

The gearing, whether the pan be under- or over-driven, should 
consist of a horizontal crown wheel of ample diameter and strength 
with well-cut teeth, driven by a pinion of corresponding strength 
and arranged to withstand many sudden and violent shocks. The 
drive should be through a belt to a countershaft, as it is not desir- 
able fco have several mills of this type all driven direct, though this 
is done in some works. The belt absorbs some of the shocks which 
would otherwise be transmitted to the driving shaft. Either a 
loose pulley or a simple form of clutch should be provided, so that 
the machine can be stopped rapidly when required. 

The pulleys should be properly selected for the work they are 




MILLS WITH ItHVOIA’IXc: PANS 
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luu<‘r rnd uf the iipritdjt Nliaft thi- {>;ui tf*fl .dimild 

1h‘ c»f aiHpl«‘ sm\ ns it a miirh luad than is I'uiunHiidy 

natliscd. Itslaadd he* inadn in tuat part.’^ rai a>. |n farilit a!^* l•’\a^!lina■• 

t,ion and rcplacrnaait uhaii r«'i|uir«*d. and dnadd hn a* d*'.-i‘jia’d tfiat 
it will not lx* aflVcdnd hy fh<' diurk^ In uhirh Ihn pan i-. •^nliji'rtad. 
It. should he luhrieated with ^n'ea>.e or oil of quality . whieli 

should he sup|)!i(*d auttnualirallv* a^. fai* a^ pn-^-ihle, tlioiitih the 
niM’essity for oeeasinnal inspeetion ;^hnuld not. he o\erlonkefL as 
footstep h(‘arin^ns an* cost ly t.o repjur, 

The pan is liia*d with ehilled inetad or steel plate*, nr eher! slahs 
inountnd so as to form an easily renewahle hed. 'Fhe na'tal plates 
may (*onvenient ly he arranged in two <’oneen!rie eirele>. the iimer 
OIK*, j)referal)ly made nf tough mangani'se ^teel, iH-intf tiie grinding 
IhhI on whii'h ilu* material issuhjeeted to the preHHitrr* of the rumn’is, 
whilst- the outer oiu* (whi<’h for eheapne^^-H may he made of elhlled 
uietah as it is suhjeet to le.M^ \vear| server for mixing the material 
and repassing it. under the rtinners. I1i«’ rim of the pan ma) he 
mad<‘ in iuu* or more pie<*es as de.'-^ired ; it should l»e veiiieal rather 
thaii sloping* though siune grintlers prefer the latter. 

d’he pan tuny la* s(»lid nv it may he perforated with holes or 
slots. A p(*rforated pan is preferable for dry material, as it is 
eontinuotis in aetion ; t.he inalerini uhen .Hufheientl\ tinely ground 
falling tlu’ough the [Hudorated hotlom id the pan ami e^eaping from 
th(* maeldmn In tin* H<did pan, on the eontrary, the inaehine must 
h(^ stopped at. intervals and emptierl, rreliarged, and started again : 
t.his invadves a waste erf time wlneh slnmhL if possihle, he avoided. 
Dry matcu'iais sfuadd nev(*r he ground in a srdid pan. as mueh of 
th(‘ mat (‘Hal is lost in the form of dtrst and tlnaa* is a gnoit %vaste 
(d p(Hver. Wlaui tin* mat«*rial is not too hard, the rollers may i»e 
raiH(‘d ahont ] in. above the pan, as this redue<*s the ainotinir (»f 
dust prodm-ed. Instead of the uholf» of the pan heing |M*rforafetL 
the parts imnaaliatidy ladow the roller.s may he solid, ululst the 
r(‘st of th(‘ hottcun of th<* pan may he perforated. Sera|>ers may 
1h* arrang(‘d which carry th<* ground material on to the perforated 
part of th(* pan and r(‘ttirn that praiion whiidi will not pass through 
nol(‘.H to th«* grinding hed for further treat'inent. In siane eaw’s, 
th(‘ Hid(‘H of the pan may also In* iMadoraii/d, tlumgh tliis is seldom 
n(‘e(‘HHary. The sliapi* of the laudoratitmH varies, slots Ixdng used 
in Hcma* iiuIIh, whilst in others edreufar IndeK an* employed. Idle 
latter an* pr(*f(*rahle, ns th(‘y pn*V(*nt large flakes from passing out’ 
of thc^ mill. If Hlot»H are us(*d, their hmgth slimild usmdiy he at. 
right angles to the traede of the rollers, nnh*ss the preseiiee of flaky 
|)i(*eeH is not (‘onsidered obj(‘eti(»nahIe, when tin* <mtpnt of the mill 
may hi* iiua-caised hy having tla* length (d tin* skds in the direction 
rd th(^ trav<*l (d tin* rollers. Both |M»rf(H*a1ion.H and .slot.s wear soiiu’- 
wdiat ra|)idly {unl(*Hs tin* jam is mad** (d (*xe(‘f>tiomdly hard metal) 
and should lx* removed before the ap(‘riun*s hecamn* unduly large. 

The si'/a^ of the p(‘rforationH varies witfi tin* purpoHes for which 
th<^ ground material is to lx* uscal, hut it is iniidviKahli* to use* !io1(*h 
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smaller than ^ in. diameter, as they are liable to be easily clogged 
and require frequent cleaning. If a pan mill is used to grind a 
material to powder, the material from the mill should be screened 
and the coarser material returned to the mill to be re-ground. 
Although all the material thus returned is capable of passing through 
the perforations in the mill, it will, if delivered to a solid part of 
the pan, be reduced to much smaller particles before being dis- 
charged through the perforations. It is by no means unusual to 
employ screens of 24-mesh, in conjunction with |--in. perforations 
in the pan, with completely satisfactory results. 

The holes in the pan should taper so as to be larger on the 
under surface of the pan than on the upper one ; this largely 
prevents the holes from being clogged. 

Edge -runner mills used for dry grinding must be very strongly 
built ; the runners should be as heavy as possible, and are best li 
constructed of iron and fitted with renewable rims or tyres of steel 
or special hardened metal. The employment of these removable 
tyres has many advantages, one of the most important being the 
cheapness with which the working surface of the runner can be 
kept reasonably level. 

Some firms prefer the runners to be made of stone, and where 
it is necessary to avoid the use of iron this material is excellent. 
For most purposes, however, it is better to fix on them a renewable 
type of manganese steel or chilled iron, as unprotected stone wears 
away rapidly. An excellent arrangement when transport charges 
are heavy is to make a skeleton runner of iron and to fill it with 
concrete when the runners have reached their destination. 

The runners must be so constructed as to allow of their vertical 
movement through a distance of at least 6 in., so that in the event 
of a large mass, too hard to be immediately crushed, getting into 
the mill, the runners may pass over it. If this cannot be done, 
an excessive strain is placed on the driving gear and an accident 
may result. One excellent method applicable to mills with revolving 
pans is to suspend each roller by means of two chains, but a more 
usual one is to provide slots in the standards carrying the ends 
of the runner axles. 

From the point of view of durability, the best pan mill is the 
one which has the maximum output for the smallest pan-area ; 
hence it is necessary that the scrapers should be fixed very care- 
fully so as to work with the greatest efficiency. They should be 
arranged so as to mix the material thoroughly and to pass it as 
often and as completely as possible beneath the runners. Each 
scraper should be capable of separate adjustment, both horizontally, 
so as to ensure that it moves the material in the desired direction, 
and vertically, so that it may be lowered as the metal wears 
away. Some firms on the Continent use hanging scrapers which 
rest on the material by their own w^eight and can move vertically 
without being adjusted. If the scrapers are fixed to arms pivoted 
on a shaft, at the back of the machine, the front of the pan may 
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Im' inorr iV<M' anti than is Usually flu* ra a* : this ^frually 

facilitatrs thu cinptyiu^ of tin* iiuu'hini* uluuj this has to in* diua* 
hv luual. 'rh<‘n‘ an\ houcvcr* oljjort ions to solf acijustiiiy: sorajMU's, 
ami thnsn which iiiusl hi* adjusted hv hand arc |»rcfi'rahlf : they 
nuiinvc material which would <>th«*rwise adhere to the |)an. and so 
<msure a. better rnixttire than is obtained with loose scrapers. The 
HUialler tlie perforation.s tin* ch»scr should the scrapers work t«> 
t.Iu* bed. 

"Flu* output of edge runner mills depends on the numher of 
nwolutiouH of the pan (U* rcdlei's, the numher f>f scrapers, ami th<‘ 
K|K‘ed with which tin* pf»wdered maierial is removed from the milk 
Th(‘ (pialiiy of the product d(*pends on flu* breadth «d the runners, 
the f(»nn and nundaT of the s<’ni|a-rH (winch reguintf* th«‘ mnnber 
of times the material is pas.Hed under the runners heftae it is 
nmioved), and tin* tirm* taken in grimling. 

H(*eure tile gnaitest output, edge runner mills must notf he 
oV(‘rloude(i, luit siuadd la* fed in a regular manner, preferalily 
by one of tla* aut=omatie feiaiers deserihed on p. 3^2, witli material 
vvhieh is not in unduly large pieces, Xo maximum (‘an he applied 
in all eascH, hut a.s a general nde no pit'ces shouhl be larger than 
3 in. diameter, and if tlie largest size is tudy 1 in. so mm-b tire iietter. 
It is ehcuifier t<» reduce large pieces to 1 in. in diaimder in a stone- 
(*ruHlu‘r than in a j»an mill, ho that a eruslier is ef-ommueal as a 
preliminary brc*akc»r for tliis purpose. 

It in very useful, in many t'ases, to attaeh an apnaratu.s com 
sisting of a h*ver, one end of whieii is placed so that wfien a runner 
is ruiwal too high ahov(* tin* h*v(d of tlie IhsI it will automat ir‘al!y 
move tln^ ievi*r and ring a Ih-U, thus indieniing that the miiehine 
is being overhsl, and tliat tin* supply of mat4U'ial slaudd b* reduced. 

Edge runn(‘r mills are ehiefly used for nalueing sandstone, 
silic’a roedi, ganister, <‘te., to a fine powder, in tin* manufmiuri* 
of bricks, etc. I’hey are also uscal hu’ the prepnration of material 
for Handdim(‘ hrieks and in tin* redmdimi of mfdallifiu’oUK sands 
for further tn*atment. 

The chief cliHadvantagt^H of dry grinding silica ami other Hliiir|e 
graim*(l matcu'ials in edg«*u'unner mills and other open mills, in the 
clanger to vvhieh the* ofK'rators are <*xpo«(*d on ac*t*otini of thi* dust 
whicdi rises from tin* machines and mmvn miirtmiH, whiely in Home 
ciawrs, is fatal This may b* avoided by i^mdosing the mills and 
using fans to eollcH't the* dust, but this is HometimeM irotibh^Honie 
and dilKciuit. 

Wet grinding may b* earrhal out by mmirw of stamps (p. *lb4), 
ball, or tula^ mills (p. grindstomvH (p. ^174}, or edge* runner 

millsywhicdi an*, used in a similar rnatiimr as in dry grifidirig, e.xeept 
that watc^r is presc*nt as well as the* material to be ground. Tlie 
(duef diflenmees in the* ap|)Uam*es UKc*d in wet grinding and dry 
grinding rt!H|Ka!tively arc^ : 

Wet Stumjm. ImUnui of ijassing the* mari*riiil througli a slit, 
it is carried by a Htn*ani of wat<*r on to suitably |)Iaeed sercauis. 
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Ball millH for w(^t grinding arc of .similar d(^sign to those hhckI 
for dry grinding, but where fine material is recjuirc^cl tli(‘- rnills niUHt 
usually work intonnithuitl}^ (as Alsing eylindcu’s, which ar(‘< (*Ixarg(‘-d 
and run until the machine has suflfiei(‘,ntly ground th(^ material ; 
the mills ar(^ them (‘m])tied and recharged). Ror c;oars(u* gi’inding, 
wet mills with continuous action may h(^ xm^d. 

Tube. rriillH are more adaptable: for wet gilnding tluin ball mills, 
th(^ (^onstriKttioii bcung practic^ally tlu^ samc^ as for dry gr*inding. 
Th(^ mill is tilled up to about its c.(mtr(‘. line with balls or tlints, and 
the slurry is admittc^d at one (uid and discliarged at tlu'. othei*, 
th(^ (*xit b(‘ing fitted with a sieve to })rev<mt the escape of thc^ balls. 

( irindMoneH for wet grinding ar(‘. similar in construction to dry 
grindstf)nes, though only horizontal .stones an^ us(h 1 ; it is found 
that in wet grincling only the lower stone should nwolvc^, as this 
s(!:eur(^s a gn^atcu’ output than wh(m th(^ uppeu* storu^ is rotah^d. 
In wet grinding, the stones are drivem at about half tlu^ sf)(^(Hl us(‘(i 
for dry .ston(‘.s, so that less f)ow(T is ncc.(‘s.sary. ArtitieJal stonc^s 
an^ jxniferable to natural oru^s, as th(\y wear long(U’ and an^ in <w(u*y 
way mort^ satisfactory. 

Kflf/e-runner mills or Pan mills for w(d/ grinding must work 
intermittently, as they (cannot .satisfac^torily b(^ work(^d (continuously, 
Tlucy u.sually hav(‘ a .solid pan and runrurs 5ft."5ft. () in. in diametcir, 
He 18 in, wide, and w(cighing about half a ton. Th(c pan should 
revolve and th(‘ rolks’s Ikc 1oos(‘. Th(‘ mills may bec tiruhu’” or ov(u* 
driv(m, as d(‘sir(‘d. Th(‘ u.sual ehargee for an (‘.dg(c-runner mill is 
about 0()(td20t) lb., which is tnuited for 20-20 mins., and tlnm 
%vithdrawn. No material wlpeh is more than I in. diam(ct(r should 
b{‘ suppli(sl to th(‘ mill. Siuch a mill, (charged (cacch tinu^ with 
750dHK) 11). of silicca, will deliver regularly about I ton peer hour, 
thec mill being empti(‘d and fillrcd threcc tinucs p(cr hour and r(c({uiring 
25-20 h.p. accicording to the hardness of the material. 

A pan mill is usually emptied by hand assistted by some simfxhc 
device- I.K>ng-handled shoveds mounted on a univ(crsal joint anc 
larg(dy useed, and an*, (cfhccctive, but rath(cr risky, and th<cr(cfor(c 
und(*Hirabh*. No wholly satisfaectory rmethod of (cm])tying tin* 
revolving pans without stopping th(c mill has yet bccccn d(cviH(‘d, 
though Hevf‘ral ingenious devices anc suthccitvntly satisfaectory for 
Hoiw^ purpos(cH. Their chi<cf disadvantag(c is that (continuouH 
working introducces the* (continuous f(‘.(cding and th(c (continuous 
withdrawal of material from th(c |)an, so that th(c ])rodu(ct is mwev 
HO w(*il ground as in machines which work int(crmitt(cntly with 
batches of material supplied at reeguiar int(crvals. 

When a stationary type of pan mill is (employed, it may be* 
(*mj)tied by opcuiing a sliciing door which covers a hokc in thcc pan. 

All edgfc-runmr mills should b(^ charged uniformly, and earcc 
should h(* taken not to ovccrload them or to run tluun with too 
small a eharge ; eonH(c(|U(‘ntly, it is (hcsirable to tise a nKcasuring 
d(*vi(ce, or to weigh the (chargecs ; where a sutli<ci(cnt nurtdxcr of millH 
is used, a poidomcitc*!* ([). 224) may lx*, (mriploycxl. 
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The duration of grinding should depend on the nature of the 
materid.! being ground. About three charges per hour are attained 
with most siliceous rocks which have previously been reduced in 
a preliminary crusher. 

Levigating mills — ^used for the wet grinding of flint in the pottery 
industry — consist of a circular vat 4-6 ft. wide, the bottom of which 
is paved with hard (chert) blocks. In the centre is a vertical shaft 
provided with stout horizontal arms which, when rotated, move 
large irregular blocks of hard stone (chert) over the paved bottom 
of the vat and so reduce any material placed in it to powder. 

Wet grinding has the advantages of avoiding the production 
of dust and of producing a finer product, though the angularity of 
the grains is usually destroyed. 



Bennett Sayer, Ltd., Derby. 
Fig. 88. — Screw feeder. 


Automatic Feeders for Grinding Mills. — The efficiency of any 
grinding mill depends very largely on the rate at which the 
material is fed into it. The ideal method is to supply the material 
to the mill in a continuous stream at exactly the same rate 
as that at which it is being discharged in the ground state ; 
this is not usually possible, so that the most satisfactory method 
of feeding the mill is that which most nearly approximates to a 
continilous feed. 

Hand-feeding would be ideal with a proper attendant, but in 
practice it is seldom really satisfactory, as the man either supplies 
too much material at once, thereby overloading and choking the 
mill, or he is over-cautious and does not secure the maximum output 
which the mill is capable of supplying. An automatic feed, when 
properly adjusted, overcomes both these drawbacks, as by its 
means a perfectly uniform supply of material to the mill is ensured. 
Automatic feeders are of four chief types : 

A screw conveyor (Fig. 88), in which the material is tipped into 
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a horizontal trougli containing a slow- moving hc row or worm, and 
(‘arTi<‘(l forwai'd at a rat.(^ whicli d(^}KmdH on the size and Hpced 
of rotation of tii(‘ scn^w and onthc knigth of HCTCW-thrcuul acting on 
th<^ niat(‘ria} to he moved. By varying this length hy altering the 
position of th(‘ s(*r(‘W on tln^. shafts, the output can bo controried. 
veuy a(*cnrat{‘ly. 

A scraper conveyor, (consisting of a V(n*tical drum with an 
ind(‘p(‘nd(‘nt itcvolving l)ase>plate (Fig. 89) carrying a scTaper, 
which, as th(‘ has(‘«plate rotates, 
pushc‘s a regular strcuim of niat(‘rial 
through an opcuiing in tiue sidec of 

tiu‘ drum, or hetweam it and thx^ / /f XNv 

has(‘, into tlumnill. 'TIk' amount of / /7 '%\ 

mahu'ial d(*li ven^d may h(^ vari(‘d / t 

by altering th(‘ siz(‘ of th(‘. ap(‘rtur(‘, / \\ \ 

th<‘ s})(‘(*d of th(‘ has(‘-})lat(‘, or tluc | O 

Hiz<‘ or position of th(‘ scra.p(‘r. \ \\ // 

A conveyor hell: alyove which is \ '\ 
m(mnt(‘d a harritu* or block, ad- \\ ^ J' J 

just<*d s() as to allow a, suitabh* ' ^ 
amount of mabu'ial to pass InuKuith // 

it, any surplus Ixung iudd back and 

c/vcntually carri(‘(l forwat'd by a less ^ ^ 

h(*avily loaded portion c/f th(‘ Ixdt. _ _ __ _ 

''Phis typ(‘ of fc(*d(‘r is very useful — 

wh(*r(‘ sev(‘ral mills arc* to Ixc fcal 

from on<* sourc(% but the* w<*ar and 

t(‘ar on tlu* b(*It is rath(*r high. 

An endless belt Jltted with buckets '"’1 H 

or (jth(*r eontain(*rs which an* auto- ___ 

matically lilhxl and dis(‘harg(‘d at »■ 

intcu'vais. This tyfx^ of hcediu* is i 1 

m(‘r(*ly a modification of a buck(‘t- ' 

elcjvator (p. 339). Jl 

The (‘HS(*ntial cliaraetc'risties of ^ 

a g<HKl automatic*. fec*der an^ : ,, , ,4 

(a) strength, {h) simplKuty of telor. 

dc‘sign and construction, (c) low 

driving pow(*r, (c/) n^sistance*. to wear and tcuir, and (c) urdimitcxl 
eapHcitv to ncccivc* and d(‘liv(*r th(^*mat<‘rial in a pccrfecctly regular 
inann<‘r to tin* mill. The* first two typecs of fcHahcr d(csc*.rib(‘d above; 
an* very regular in thenr action, hut an^ rather (cxp<*nsiv(‘ in pow(u*. 
Tin* oth<*r two an* also satisfac'tory, though th<‘ir usc^ is liniitcxl, 
and the* la,st“mc*ntioned is not nudly ccontinuotis, but int(u*mitt<*nt, 
though the intc*rvals nre very snialL Ea(*h nucthod is ixcttcu* than 
harul f(*(‘ding, be<*aus(* it is usually nion*, regular than tine lattcu*. 
Tlie saving in pow(*r (*fTeeted by the* usec of m(*(chani(‘al fcxxlccrs is 
very c*onHid(*rabl(‘, and if the* fe(*{i(crs are ccandully s(d(c(*.t(‘d thecy soon 
repay the initial (‘xpe/nditure* involved. 


K,({V< »I vi rig basce plato 
fexMter. 


CHAPTER IX 


PURIFICATION OF SANDS AND SAND-ROCKS 

The purification of sand and sand-bearing rocks may be effected in 
several different ways, according to the nature of the material and 
the amount of purification necessary. The principal methods 
employed are : 

(i.) Hand-picking. 

(ii.) Washing. 

. (iii.) Concentration by 

(а) Water. 

(б) Floatation. 

(c) Air. 

(<i) Magnetic separation. 

(e) Electrostatic separation. 

(iv.) Chemical action. 

(v.) Calcination or burning. 

HAND-PICKING 

Hand-picking is only employed where the impurities are in the 
form of relatively large pieces which can conveniently be picked 
out by hand. Coarsely ground stone may be hand-picked to remove 
portions which are too badly contaminated by iron compounds, 
etc. Gravel or pebbles may sometimes be removed from sands by 
hand-picking, but these materials may often be separated equally 
satisfactorily and more economically by means of screens. Except 
in special cases, hand-picking is not applicable to sandy materials, 
and their purification is usually effected more economically by 
mechanical or other methods. 


WASHING 

Washing consists in applying water to the material in such a 
manner as either to remove undesirable constituents or to remove 
the sand and leave the impurities behind. Thus, a mixture of 
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^ ^ ^ manner that the clay is removed 

by the water, but when a mixture of sand or gravel is washed the 
water carries away the sand and leaves the gravel behind Some- 

SticlL *0 a separation into 

CM??u rT/nm. s^ci&G gravities ; this is particularly the 

case m dealing with placer sands and other deposits containincr 

t?o«““L7 

from^bI^^^^^^• particles are separated 

*T accordance with (a) their weight, ( 6 ) their 

n the former method the larger particles settle out of 
SMspe%sio» whilst the clay, etc., is carried off by the wash-water 
and in the latter method the larger particles are retained by screens’ 
through which the water and smaller particles escape 

silt but methods the water not only removes the clay and 

silt, but also a considerable proportion of any carbonaceous matter 



present ; some ferruginous matter may also be removed, though 
^e separation of iron fUms on grains of sand is much more difScult. 
Ihus, the Triassio and Permian sands cannot be completely purified 
by washing, as the grains are covered with a thin adherent film of 
haematite which is very difficult to remove. Grains coated with 
limonite are more readily cleaned by washing, though this treat- 
ment will not remove the whole of the iron jiresent as limonite 
Washing by Suspension.— Various methods of applying' the 
water in order that it may carry off the small particles of clay and 
other impurities, are in use. One of the simplest but by no means 
the niost economical, is by means of the irozcff/i, washer, which 
consists in putting the sand in a long trough having a V-shaped 
cross-section (Fig. 90 ), through which a constant stream of water 
IS kept running ; the sand is stirred up by hand, using rods, spades 
or other stirring devices so that each grain of sand is brought into 
intimate contact with the water, and the adherent particles of dust 
and clay are removed and washed away by the stream of water 
leaving the clean sand behind. It is impossible with this arrancre- 
ment to use the water efficiently, so that a very large quantity^of 
water is required ; the time occupied in washing is also much 
VOL. I 2 0 
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longer than when more efficient mechanical methods are employed. 
The method is, therefore, confined to cleaning small quantities of 
sand where a more elaborate device would not be profitable ; apart 
from its cost, the method is quite satisfactory. It may be made 
more effective by having a series of troughs one below another, as 
this increases the chance of the sand being thoroughly cleaned 
without using more water. . 

Elat-bottomed troughs termed sluices are often used for washing 
large quantities of sand, especially those containing precious metals. 
Such sluices are about 12 ft. long, from l|-2 ft. wide, and 1 ft. deep, 
the floor sloping 2-21 in. in its length of 12 ft. ; in some cases, the 
floor of the trough forms a series of steps about 4 ft. apart. Sluices 
are used in exactly the same manner as V-shaped trough washers. 

A still greater improvement can be obtained by using a 
mechanical agitating device to ensure the thorough admixture of 



Fig. 91. — Log washer. 


the sand and water. Thus, one of the simplest of such troughs is 
the log washer (Fig. 91) which is frequently used for washing 
metalliferous sands, the simplest form consisting of an inclined 
wooden trough, lined with wrought or cast-iron plates and fitted 
with a shaft carrying paddles arranged at an angle so as to mix 
and convey the material to be treated from the lower end to the 
upper end of the trough. The shaft revolves at about 12 revs, per 
min,, and discharges the washed sand at the top end of the trough, 
the water travelling in the opposite direction and carrying with it 
the dirt, clay, etc., removed from the sand. 

Another form of trough which is sometimes used for removing 
clay and dirt from metalliferous sands consists of what is known 
as a mud-wheel, namely, a paddle-wheel 5 or 6 ft. in diameter, which 
revolves in a trough containing the sand and water. The paddles 
lift up the sand and allow it to fall again into the water, thus putting 
the clay and dirt in suspension so that they escape when the water 
is run off. In the Greenaway washer (Fig. 92) manufactured by 
Hardy & Padmore, Ltd., Worcester, the sand is fed on to an 
inclined rotary screen through which it is washed by jets of water, 
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any gravel being separated by the screens. The sand and water 
fall into a long trough provided with a rotating shaft carrying a 
large number of blades which churn up the sand and water and 
gradually transport the sand to the farther end of the trough, 
whilst the water flows in the opposite direction. On reaching the 
end of the trough the sand falls through a tank, up which a current 
of water is rising, into a second mixer similar to the first, through 
which the sand is conveyed in a direction contrary to that of the 
water flowing through. 

Finally, the thoroughly washed sand is discharged into a tank 
of clean water from which it is raised by a bucket elevator with 
perforated buckets which allow most of the water to escape. The 
elevator discharges the sand on to the ground or into wagons or 



bins as required. The length of the mixing troughs and the fact 
that the water and sand travel in opposite directions ensure the 
sand being thoroughly washed, without much waste of water and 
with a minimum amount of attention. 

The efficiency of all these types of sand washer depends on (a) 
the extent to which the clay, etc., is separated from the sand and 
is suspended in the wash-water ; (6) the speed of the current, which 
determines the size of the particles which will be carried away and, 
therefore, controls the amount of impurity left in the sand and the 
amount of sand carried away and lost ; and (c) the sizes of the 
smallest particles of sand which it is desired to retain, as this 
limits the speed at which the water can be allowed to flow through 
the trough. 

The combined effect of (6) and (c) causes the grains of sand to 
travel downward and at an angle which depends on the two forces 
concerned. Thus, a grain of sand which will just pass through a 
20-mesh sieve will settle in still water at the rate of nearly 4 in. 
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per sec., but in a trough through which a current of water is flowing 
at the rate of 12 ft. per sec., the grain will travel longitudinally for 
some distance before it settles. Eddies in the stream and varia- 
tions in the stirring also affect the deposition of the particles. 

The amount of agitation of the crude sand and water necessary 
depends on the ease with which the grains of sand are separated 
from each other. If much clay is present, a very thorough agitation 
is required, whilst a clean sand composed of almost pure quartz 
will enter into suspension almost immediately. 

The rate of flow of the water should be controlled by valves or 
other suitable means so as to carry off the clay and “ dirt ” without 
losing too much sand. The best rate must usually be found by 
experience, and particularly by collecting the liquid running away 
from the end of the trough, allowing it to settle and then noting 
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Fig. 93. — ^Wash-mill. 


how much sand is present in it. This is dealt with more fully under 

Elutriators (p. 391). _ , . ^ ^ -a 

Baffles or riffles are sometimes used in washing troughs to aia 

in the retention of the larger particles. 

Among other arrangements for agitating the sand and water, 
the most satisfactory are wash-mills, drum, tube and conical 
washers with internal agitators. 

In some cases the agitator is separate from the washer proper ; 
the latter then usually takes the form of either an elutriator or of a 

series of settling tanks. ^ 

A Wash-mill (Big. 93) consists of a circular tank or annular 
ring 6-15 ft. in diameter and 2-6 ft. deep. In the centre is a vertical 
shaft which is rotated either by a horse, engine, or motor. Attached 
to the vertical shaft are several horizontal arms carrying harrows 
which trail in the sand and water in the mill, and stir them up, 
and put both sand and clay, etc., in suspension. After a sufficient 
amount of stirring, the rotation of the arms is stopped and the 
contents of the mill are allowed to remain motionless, thus 
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separating the clayey matter from the sand. The water and clay 
are then run off through an opening in the side of the mill and 
afterwards the clean sand is removed, either by digging or by 
means of a small bucket elevator. Attempts to work wash-mills of 
this type in a continuous manner (by removing the sand continu- 
ously with an elevator at the same rate as fresh sand is admitted, the 
stream of water also being continuous) have not proved completely 
satisfactory, though they are sufficiently so in some localities. 

An intermittent wash-mill, when horse-driven, is capable of 
washing 16-28 tons of sand per day, but an engine- or motor-driven 
wash-mill may treat 120 cu. yds. of sand per day of 24 hours. 

The chief drawbacks of a wash-mill are the very large quantities 
of water involved, the intermittent nature of the process, and the 
ease with which a careless or indifferent workman may deliver 
improperly washed material. They are, therefore, used to only a 
limited extent. 

Drum washers may be regarded as covered trough washers ; 
being ‘‘ closed ” they can be worked at a greater speed and inclined 
more steeply than an open trough washer. When horizontal, 
they consist of a pipe or cylinder containing a shaft bearing a 
series of blades which churn up the sand and water and produce 
a good mixture. The blades are so inclined that they also propel 
the sand to one end of the washer, whilst the water is under such 
a pressure that it travels in the opposite direction. This counter- 
current action ensures the cleanest water coming into contact 
with the cleanest sand, thereby economising water and ensuring 
as thorough a washing as the machine can produce. 

If the drum is inclined, the shaft and blades must usually be 
replaced by a continuous or Archimedean screw ; in that case, 
the sand is admitted at the lower end of the drum by means of a 
hopper, and water is admitted at the upper end and travels down- 
ward through the washer. The rotary motion of the screw con- 
veyor causes the material to pass up the inclined drum and fall 
out of the end at the top. In passing up the drum, it is agitated 
by the motion of the screw, and the adherent dirt is washed out 
and carried away by the water which overflows at the lower end 
of the drum. A machine of this kind is capable of washing 20-50 
or more cu. yds. of sand per day. 

The efficiency of such a washer depends on the speed of the 
water and on the extent to which the particles of sand, etc., are 
separated as they travel through the drum. The agitating and 
separating power of a series of blades in a horizontal drum is far 
greater than that of a complete screw, so that the inclined drum 
is usually less efficient unless made of very great length. Eor 
many sands the inclined drum, extended so as to form a pipe, 
possesses ample agitating and suspending power and is, in every 
way, satisfactory, provided the sand and water travel in opposite 
directions. When they both travel in the same direction, a longer 
pipe is necessary to ensure a perfectly clean product. 
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A particularly successful washer of this type is the Freygang 
Separator (Fig. 94), which consists of an inclined tube a, with 
a vertical branch e, an overflow with waste pipe g, and a worm- 
conveyor c, rotated by gearing driven by the pulley b. The 
material to be washed is agitated with water in a separate mixer 
or blunger and is fed into the funnel along with a supply of 
clean water from the pipe /. The mixture passes to the inclined 
tube a, and rising through it is gradually separated so that the 
fine particles of clay, etc., are carried away through g, whilst the 
washed sand is collected in the tank d. The object of extending 
the tube a well above the outlet is to ensure the sand being 
drained before it is discharged from the machine. 

The fineness of the separated particles and the grading can 
be regulated by altering the inclination of the tube a, the speed 



of rotation of the worm e, and the quantity of water supplied by /. 
When several grades of sand are required, a corresponding number 
of separators may be worked in series. Similarly, where several 
washings are necessary the solid matter from one machine may be 
discharged into another, and if necessary a series of machines may 
be used so as to secure a sufficiently pure product. 

Machines of the Freygang type have the following advantages : 

(1) Definite mechanical control, giving definite results in the 

separation or grading of the sand. 

(2) Great saving in the amount of water used. 

(3) Great range of grading, when required. 

(4) Low cost of installation. 

(5) Very little power required. An output of 20 tons per hour 

requires 12 h.p. and 40 tons (8960 gallons) of water. 
Most of the water can be used repeatedly. Small 
machines with an output of 1 ton per hour require 
about 1 h.p. 
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(6) The machine is specially useful for concentrating metal- 
bearing sands. 

Instead of the drum being stationary and fitted with a revolving 
shaft and blades., it is sometimes advantageous to use a horizontal 
rotating drum fitted with internal baffles. In the Blackett coal 
washer the baffles are in the form of a screw or worm, so that the 
heavy particles caught by the baffles travel down the worm-shaped 
channel until they escape at one end of the drum, whilst the fine 
particles are carried to the other by the water and thus separated". 

In another case, the baffles are arranged so as to lift the shnd 
and deliver it on to fixed blades on a stationary shaft. The 
Telsmith washer (Fig. 95) is of this type ; its action is clearly showm 
by the illustration. Machines of the rotary driven type do not 
break up balls of clay and sand so readily as fixed drums wdth 



Fig. 95. — ^Telsmith washer. 


rotating blades, but for sands which are easily washed they are 
quite satisfactory. 

In Rikof’s washer (Fig. 96) the slightly inclined drum is divided 
into several compartments through which the water and sand 
pass in opposite directions, the sand being discharged at the lower 
end of the drum on to cylindrical screens of suitable fineness 
arranged concentrically, the largest holed sieves being innermost 
and the finest on the outside of the series. The sand on the screens 
is also subjected to a further cleaning by means of jets of water 
playing on the screens. The slurry may, if desired, be carried 
ofi^ to a drying apparatus where it is de-watered and dried (p. 404). 

Elutriators are appliances for separating small solid particles 
by means of a current of water flowing at such a rate as to carry 
away the smaller particles or those of lower specific gravity, whilst 
the larger or denser particles remain behind, Elutriators are all 
based on this separating power possessed by a current of water 
flowing at a predetermined rate (p. 252), and their efficiency 
depends on (i.) the accurate regulation of the rate at which the 
water flows, (ii.) the absence of disturbing currents, and (iii.) the 
supply of the materials in a state of suspension, each solid particle 
being definitely separated from the others. Most of the w^ashers 
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to be able to remove the washed sand easily at regular intervals 
without interfering with the work of the elutriator. These diffi- 
culties have been overcome without sacrificing any of the essential 
principles in the separator patented by J. M. Draper of the Rhondda 
Engineering Co., Ltd., Bridgend. 

The Draper washer consists of an iron column at the lower 
end of which is a screw conveyor. Water is admitted through 
a pipe 5 (Fig. 97), near the upper part of 
the apparatus, and fills it, gradually over- 
flowing through the shoot 3. A balancing 
column of water may be attached to pipe 
7 so as to keep the pressure of the water 
constant in the apparatus. The material to 
be treated enters the apparatus through 
the hopper 2, and falls through the funnel 
18. Here it is subjected to a powerful 
washing action by the movement of the 
water, whilst the heavier particles gradually 
settle downwards and a-re carried away by 
the conveyor. The nature of the falling 
material may be seen through the windows ‘ 

22 and samples may be drawn through the 
plug 23. The valve 25 slowly rotates, and 
in so doing shuts off the connection between 
the water column and the conveyor suffi- 
ciently to enable a steady separation to be 
effected, whilst at the same time it enables 
the accumulated sand, etc., to pass away. 

Apart from this valve and the conveyor, 
the apparatus ’ has no moving parts and 
requires no attendance when at work. 

When supplied with a mixture of sand 
and water in which the solid particles are 
completely separated (as by agitation in a 
beater-mill or blunger), the Draper washer 
is remarkably efficient. It depends solely on 
the rate at which the water flows thi’ough 
the apparatus and thus reduces the control Fig. 97.— Draper washer, 
to ensuring an ample supply of water at 

a constant head. It does not require the water to be under great 
pressure, and when once adjusted it requires no further attention. 
It can be regulated to separate particles within very narrow limits 
of size or specific gravity, or to remove all particles less than, say, 
200-mesh without losing any appreciable proportion of the larger 
particles. It takes up less space than almost any other kind of 
washer, and it has the advantage that it can be arranged to give 
any desired output, whether small or large, by varying the size of 
the apparatus. It does not require any power to drive it, as the 
sand-emptying valve can be turned by hand if desired, though a 



394 


CONICAL WASHERS 


meclianical rotating device is preferable and its cost may be 
neglected if a pump is required to supply the separator with 
water. 

To be effective, the Draper washer must be of a considerable 
height — seldom less than 10 ft. — and whilst this is not serious, 
it is interesting to observe that most inventors of elutriating 
washers have avoided tall appliances wherever possible, though 
usually without very adequate reasons . They have also endeavoured 
to design washers of large diameter instead of using a larger number 
of small diameter. This is unfortunate, as the disturbing factors 
in an elutriator are far less serious in an apparatus of small diameter 
than in a larger one. 

For these reasons, instead of employing a tube or pipe as in the 
types already mentioned, cones are often used as in Figs. 98' and 99. 
Such washers are really elutriators, the sand falling to the bottom 
whilst the clay and dirt are carried away by the water passing 
upward through the cone. 

Where materials coarser than 200 -mesh are to be washed, 
some of the impurities which are neither so light as to float away 
nor heavy enough to sink, accumulate on the sides of the cone. 
In time these accumulated particles slide down the cone, spoiling 
the washed Sand therein and necessitating a stoppage of the process 
whilst the cone is being cleaned. This may be avoided, to some 
extent, by suppljdng the slurry from one side instead of down 
the centre, or a block may be placed in the centre of the apparatus, 
as in the Delano washer, so as to send the water down the part 
of the cone where the deposit is likely to form, and thus prevent 
its deposition. The defect is, however, largely due to the use of 
an inverted cone and so cannot be wholly avoided with washers 
of this shape. 

The object of making a washer of inverted conical form is to 
create a rapid flow of water at the point where it first comes in 
contact with the sand, so as to separate the solid particles and put 
them in a state of suspension. As the water rises in the washer, 
the conical shape of the latter reduces the rate of flow so that 
an increasing amount of settlement of the larger or denser particles 
should occur, though the rate of flow should still be sufficiently 
great to carry off the clay and “ dirt.” 

In the simplest form of cone elutriator the crude sand is fed 
into the upper part of the cone at such a distance below the over- 
flow as to prevent undue disturbance of the latter. The particles 
of sand, etc., pass downwards and are gradually separated, the 
smaller and lighter particles being carried upward by the current, 
whilst the larger or denser particles sink to the bottom and are 
withdrawn through a valve. If the crude material contain large 
pieces of cemented material {e.g. pellets or “ balls ” of sand cemented 
by plastic clay) they will not be broken up, as the action of the 
washer is too gentle, but will sink down along with the particles 
of sand. Hence, this type of washer is useless for such a material. 
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^ Numerous patents have been granted for minor variations n. 
this type of washer, and they heed not be described in detail. 

The valves which control the discharge of the sand from conical 
washers are often troublesome, and many ingenious devices have 
been used to overcome this difficulty. Thus in a conical washer 
(Fig. 98) manufactured by the Allis- Chalmers Manufacturing Co., 
Milwaukee, Wisconsin, an inverted conical sieve is placed in the 
lower part of the washer. The apertures in this sieve are too small 
to permit sand to pass through them, though they readily admit 
water under pressure from the valve in the base of the washer. 
This arrangement efficiently prevents most of the sand from enter- 
ing the valve. 

The cone washer manufactured by the AUen Cone Co., El Paso, 



Fig. 98. — AUis-Chalmers cone washer. 


Texas, U.S.A. (Fig. 99), is provided in the centre with a float wliich 
is just in a state of equilibrium when the washer is filled vith clear 
water. When the washer contains a large amount of material in 
suspension the float rises, and, in so doing, it opens a valve in the 
bottom of the apparatus and causes some of the sand to flow out, 
thus reducing the density of the liquid and reclosing the valve. 
In this way the accumulation of sand is efltectually prevented, as 
the float rises immediately a few grains of sand sink to the bottom 
of the cone, and, being very sensitive, it acts with great accuracy. 
The sand and water passing through the valve enter a chamber 
below, where it comes into contact with a stream of water and is 
drawn off by a siphon, this being preferred as it causes less disturb- 
ance than a valve in the bottom of the washer. Such a device is 
more suitable for washing very fine sands than for coarser ones. In 
America, it has been used successfully for removing clay from fine 
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phosphate sands of 200-mesh grade, which are washed completely 
clean. 

The Dorr classifier (Eig. 100) consists of a very shallow cone, the 
material in which is agitated slightly by means of slowly rotating 
rakes. These do not interfere with the general washing process, 
yet they prevent the formation of deposits on the sides of the cone 
and drive the coarse material through the discharge opening into 
a water chamber, from which it is removed by means of a ladder 



Allen Cone Co., El Paso, Terns, U.S.A. 

Fia. 99. — ^Allen cone washer. 

conveyor consisting of a series of blades on a long rod, the whole 
having a to-and-fro motion. On the forward stroke, the scrapers 
are close to the bottom of the inclined trough containing the sand 
and they draw the material up the machine. On the return stroke 
the scrapers are lifted clear of the material and are then lowered 
so as to draw a fresh lot of material forward. During the return 
stroke the water and finest material tend to flow down the incline 
and enable a well-drained sand to be discharged from the machine. 

Washers of this kind can effectively clean a sand containing 
25-50 per cent of clay at an extremely low cost, only 1 to 5 h.p. 
being required for outputs up to 75 tons per hour. Dorr classifiers 
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are very useful for washing moderately fine sands (such as those 
used for glass manufacture) which require to be specially free from 
impurities. 



The Korting washer is a type of multiple cone washer in which 
the sand is passed through a series of hoppers. The sand is placed 
in the first hopper, where it is stirred up with water under a head 
of 30-40 ft. The water, with the clay and other impurities, flows 
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over the lip of the hopper to waste, hut the sand is lifted up 
through a vertical tube (by the pressure of water through an 
injector) and is carried to the next hopper for further washing. 
This process is repeated as often as necessary. There are no 
mechanically moving parts, and the apparatus requires no attention 
other than to feed it and remove the washed sand from the catch 
tank in which it accumulates. 

Another general form of cone washer and classifier (of which 
several patterns exist) which has long been employed in the treat- 
ment of metalliferous sands is the Spitzkasten (Fig. 101), which 
consists of a box in the form of an inverted pyramid with its 
oblique sides at an angle of 50° and made of wood or sheet iron. 
The slurry is introduced at one side and escapes at the other, a 
baffle being placed between to prevent surface currents. In some 
patterns the slurry is introduced through a tube down the centre 



of the box, extending to within 2-3 ft. of the top of the pyramid. 
A secondary supply of water ascends from the bottom of the cone 
and aids in carr3dng away the fine grains of sand, etc., whilst the 
heavier particles sink to the bottom and are periodically removed. 
Several such pyramidal boxes may be used in series in order to 
separate particles of different sizes. When several Spitzkasten are 
used in series, the first box should be 2 ft. wide, if 10 cu. ft. of the 
mixture of material and water (known as “ pulp ”) or 1-2 cwts, 
of solid matter are to be treated per minute. The boxes in the 
series may suitably increase in geometrical progression with a 
factor of 1 -5 ; thus if the first box is 8 ft. in length, the second may 
be 12 ft., the third 20 ft., the fourth 30 ft., and so on. 

A Spitzlutte classifier (Fig. 102) consists of two inverted tri- 
angular prisms, one inside the other, the space between them being 
adjustable. This apparatus is used in the same way as the Spitz- 
kasten, the sediment being withdrawn at the apex of the outer 
chamber. In some cases, secondary water is supplied to the base 
of the apparatus so as to give an upward current which ensures 
the best possible classification. Both these washers may be used 
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for concentrating and classifying sands as well as for washing 
them. 

Washing with Screens. — Some sands can be effectively and 
cheaply washed by discharging them on to one or more screens in 
a thin stream, and applying a sufficiently powerful stream of water 
to carry the clay and small particles through the screens, whilst 
the larger particles travel along the screens and are eventually 
discharged. 

It is sometimes sufficient to mix the sand and water in a hopper 
or some form of preliminary mixer, the contents of which are then 
passed over fine screens which retain the sand whilst the water and 



dirt flow away. The drawback to such an arrangement lies in the 
tendency of the sand to act as a filter and retain some of the im- 
purities suspended in the water. This objection is much less when 
the impure sand and water is passed in succession through a 
number of screens, fresh water being supplied to each screen if 
necessary, and finally after separating all particles which can be 
removed by the screens, the water containing the finest particles in 
suspension^is taken to a sand settler. A number of inclined conical 
screens arranged in series for this purpose as shovm in Fig. 103 is 
largely used in America. 

In another form of washer, rotary cylindrical screens are 
arranged so as to be partially submerged in water, so that the fine 
material which passes with the water through the sieve is coUected 
in the tank containing the screen ; the coarser sand remams on the 
sieve and the dirt and clay are carried off by water to an overflow 
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^ large 



one above another, as in Fiv. 104. Xhe sand +1. 

uppermost screen and is graded and washed by jets of water which 

“Slfee'S'i.n't?^-'’' 

■ ilie objection to this arrangement is that the sand acts 



as a filter and retains some of the dirt, which would be senarated if 
the sand were f^ly suspended in water and the tot rSved W 
flowmg water without the use of screens. mmovea Dy 
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Removal of Water from Sands 

After washing, sands usually contain a considerable proportion 
of water which must be removed before they can be used. Various 
methods are employed to effect this de-watering ; they may be 
subdivided into (a) sedimentation ; (d) filtration ; (c) centrifuging ; 
and (d) evaporation or drying. 

Sedimentation is very commonly used, and is applied in various 
ways. The simplest method is to run the sand and water into large 
settling pits, iiter a time, the sand falls to the bottom and the 
clear water is allowed to run off through an overflow pipe, or through 
a series of openings in the side of th^e pit. This method has long 
been used in the purification of china clay and in other industries, 
the chief disadvantage being that it is very slow and the space 
occupied is considerable. Moreover, the removal of the sand by 
hand labour is costly, so that more rapid methods which include 
mechanical devices are preferred. 

The settling pits may be rectangular or circular with vertical 
sides, but it is usually more convenient to use inverted cones, the 
sand being discharged through a valve at the apex of the cone. 
The mixture of sand and water is supplied to the cone either just 
over the rim or through a vertical pipe in the centre of the cone. 
Both these arrangements have the disadvantage of forming “ banks ” 
on the sides of the cone unless special precautions are taken (see 
Cone Washers, p. 394), as by providing a combination of washer 
and separator as in the cone washers previously described. In 
some cases the wet sand is tipped into a conical hopper and is 
allowed to settle. The sand is then drawn off through a valve in 
the bottom of the cone, whilst the water remains behind or is run 
off through an overflow. 

In the Boylan separator the cone is suspended from the arm of 
a balance, the other arm being provided with a counterpoise, so 
that when a sufficient weight of material enters the cone its eq[ui- 
librium is displaced, the cone sinks, and thereby opens a valve at 
its base and so discharges some of the sand. The cone then rises, 
and the process is repeated as often as may be necessary. In the 
conical sand separator made by the link Belt Co., Philadelphia, 
XJ.S.A. (Fig. 105), the cone is suspended from a system of levers 
attached to a valve in the apex of the cone. The mixture of sand 
and water flows into the top of the cone, the sand falling to the 
bottom and the water passing away by the overflow pipe. The 
weight of the sand gradually causes the cone to sink, and doing so 
opens the valve, thus releasing some of the sand, which falls into 
a bin, restoring the balance and closing the valve. This device is 
therefore entirely automatic, provided the sand is sufficiently free 
from stones, etc., not to choke the valve. A cone 6 ft. diameter at 
the top will deal with 5 tons or 1000 gallons of a mixture of sand 
and water per minute. 

A counterpoise separator of a different shape is made by the 
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Siiiith FnL4ii<‘<Tii»^ Work-, Mihvauk«n\ \ .S.A, In Ihif'i iiuk-Ihih* 
(Ml?. ItH)) thi‘ hopptn* and an* linlh rarrintl nn knif«*a*d| 4 <‘ 

lu'arinj/.'^ t<» (Mi.snrc si-nsitiv** arli»»n, and as lh<- sanddaeirn tank 
initvns in tan* dirnrtion thr \ah«- |»latf* at tiir bottuin inuvfs in the 
opjHJsita din'ftiun, thns jiiviin? an ainpk* disrhar^f arna and a 
rrlial»lr closun* t>n tin* rt^inni in«»vi*Mirnl and a\niflini£ fin* tiaidnnay 
for tin* valve to mnain ojuat t{M> lonin uideh is si» srrions n fault 
with many ejmntorpoi.sod .HaiHh.st‘|Kirafor>. 

The ativantatu* of a separator of eonieal tu’ similar diape is that 
it (‘nalilfs a ri*tativ«‘ly small disrhari/e \ ahi' to he nsetl. tlie sloping 
Hid(\s of the eorje automat ieally riireeting all !h<* sand to the oiiflef. 
The disadvantage of .sm*h an arrangiunent is the dillieuHy freipnaitly 
(‘Xperieneed in elosingthe valve proinptlv. espeeially \Uten attempt- 
ing to ])rnduee a dry sand. For this reason, many tite Amenean 



tStudh lliviiHu find Wttrl.t, M tIuHnht , lUH Om , ( JiirthpK 

h’i 8,. r'.s.j, 

Flo. mil Siaiih tie- vvatiaiai.? 1‘Miii’. Kfo. Ina. Liali,. Pi-'lt «|e- wateriiBi'; eeae, 

.s<*pariilorH do not attempt to deiivf«r a. dry sa.nd fmt f»nly one e«»n» 
tn-ining as little water us will avoid valvealifltiuiil tes. Hiieh fif*viees 
are really rapid drainers, and leave* the Hitnd in a, sal iirateei r-ondif ion. 

A eonic’id sand separator must he very de«*p to he elleefive, as 
a nhidlow out* vvouhl all(»w ttm miieh water to pass with the sam!. 

When* a eonieal separator is not useal, the f'ldef meuns enipioyed 
for withelraAving the Hiunl from settling pits are: fi.i drag-hells; 
(ii.) hueket eh^vaJears ; (fii.) ladde-r eonveyors ; (iv.| Arehiinedean 

HennvH ; an<i (v.) rotary drainers. 

(Fig. 107) ennsint of an endless hid! or ehain provided 
wit-h Herapei'H whieh draw tlie Hand up an ineline a! tlie side of 
t'he nettling pit, hut allow tlie greater part of the water to flow 
hai’k into the pit. 

liueket flvmtorM (p. IVM)) are HoinetimeH umnl to raise tlie wed. 
Hand from a settling pit. llie hmdietH are usually perforaled 
HO an to pmmut irumt- <»f the water ia drain hasdi into' the pit. Thc*y 
are only usi’ful where the eolour td the Hand m of no importiiiiee, 
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as the metal of which they are made usually rusts and so con- 
taminates the sand. 

Ladder conveyors consist of a series of scrapers mounted on a 


Lewistown Foundry Co., Lewistoio7i, U.S.A. 


Fig. 107. — Drag-belt de-waterer. 


rod having a to-and-fro movement. One of the best of this type 
is shown in Fig. 100 and described on p. 396. 

Archimedean screws (Fig. 108) are extensively used for removing 
sand from separators and settling pits. They depend on the fact 


that as the sand is raised by the screw the water will tend to 
separate and will faU off the screw as the latter rotates. Such 
screws are not highly efficient as drainers, hut they are so 
venient as conveyors that their deficiencies axe tolerated. A 


Fig, 108. — Screw de-waterer. 
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particularly good combina.tion of washer and sand separator in 
which a screw is used is the Freygang machine (p. 390). 

Rotary drainers are comparatively novel. One of the most 
ingenious methods is used in Rikof’s washer (Fig. 96), in which the 
drainer consists of a steel cone fitted at its large end into a wide 
flange which is in turn connected to a nearly horizontal shaft 
which is slowly rotated when in use. The cone has a number 
of metal blades forming pockets so arranged that the top edge 
of each blade is horizontal when it reaches the horizontal plane of 
the axis of the cone. This provides a truly horizontal overflow 
for the water separated from the sand. When the drainer is in 
use, as each pocket passes under the discharge from the cylinder 
it is filled with sand and water ; the sand rapidly settles, and as the 
cone revolves, the water is poured oh at the small end, leaving 
the sand very well drained. The sand then passes round and is 
discharged at the other side of the cone in a damp state. For 
effective working, the machine must be properly adjusted and 
driven at a speed which has been found by experiment to be the 
best for the local conditions. 

All the foregoing methods yield a wet sand. They are useful 
in separating the sand from a relatively large volume of water 
and delivering it in a solid yet very wet condition. They may, 
therefore, be regarded as preliminary machines, and are of great 
value for removing the bulk of the water ; the remainder must 
usually be removed by some other of the means described in the 
following pages. 

Filtration is sometimes employed for drying sandy materials, 
and has the advantage of producing a drier product than simple 
sedimentation. The filters generally used for sand consist of a 
sheet or bag of some porous material, such as cloth or gauze, upon 
which the wet sandy material is poured ; the water passes through 
the filter and escapes, leaving comparatively dry sand behind. 
Various devices are used in order to increase the rate of filtration, 
and some filters are provided with means to remove the dry sand 
automatically. In considering these appliances, it is necessary 
to remember that sand is highly abrasive, so that the wear and 
tear on the filtering medium is very great, and as the filters are 
expensive to purchase, it is often cheaper to use some other means 
of removing the water from the sand. Under some conditions, 
on the contrary, as when the sand is contaminated with salt and 
the supply of washing water is limited, or when only hard water 
is available, a filter forms the best means of removing the greater 
part of the water which cannot be separated by natural drainage 
or by sedimentation. 

The chief types of fidters used for sand are : filter-presses, 
rotary filters, draining belts, and centrifugal separators. 

Filter-presses consist of a series of stout sheets of closely woven, 
cotton, the sheets being folded into the form of bags, which are 
then fixed in series in a long frame. The material to be dried 
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is run into the bags, which are then closed, and pressure is apphed 
to the whole series by means of a screw, so as to squeeze or press 
out the water, after which the press is again opened and the “ cakes ” 
of dried material removed. A press of this kind is shown in 
Fig. 109. Filter-presses are also made in which the mixture of 
sand and water can be pumped under pressure into the '' bags ’’ ; 
this is a great advantage, of which full use should be made when- 
ever possible. A pressure of 30-60 lb. per sq. in. is necessary for 
filling. 

The time taken to operate a filter - press is generally about 
thirty minutes per run, the cakes produced being l'|-4 in. thick. 

Filter-presses are not used for ordinary sands, but they are 
extensively employed for removing water from fine sediments 



Manlove, AlHot <& Co., Ltd., Nottingham, 

Eig. 109. — Filter-press. 

such as gold slimes, etc., which are produced by reducing rocks 
to the state of sand. 

Rotary filters do not employ much, if any, pressure, but are 
usually worked by means of a vacuum pump. They generally 
consist of a large drum covered with cloth or other filtering medium 
on to which the wet material falls. The water is drawn through 
the cloth by means of a partial vacuum in the interior of the drum, 
whilst as the drum revolves the de-watered material is removed 
from the cloth by a scraper. In some patterns of rotary filter, 
the cloth is then washed as the drum rotates, and is afterwards 
ready for further filtration. In a well-designed rotary filter the 
action is, in effect, continuous. Several patterns of rotary filter 
are available. Thus in the one shown in Fig. 110 and made by 
the Oliver Continuous Filter Co., the hollow drum has on its peri- 
phery a series of compartments each independently connected to 
a vacuum pump. The bottom of each compartment consists of 
the filtering medium. In use, the drum is rotated in a V-shaped 
trough containing the hquid to be filtered, which is agitated so 
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as to keep the solid matter in suspension. As each compartment 
enters the Liquid., a thin cake from ‘tLRk, according to 

the nature of the material, forms on the surface of the drum. On 
leaving the trough, the water in the cake is drawn through the 
filtering medium and the de-watered cake may, if desired, he 
washed by suitably arranged jets or sprays of water. After the 
cake has been carried past the washing sprays by the further 
movement of the drum, the vacuum is cut off and compressed air 
injected so as to force the cake away from the surface of the drum 
and facilitate its removal by scrapers. The clean compartments 
again dip into the liquid in the trough and the process is repeated. 


VACUUM PUMP 
ATTACHED 
BOTH OUTLETS 


WEAKSOumON 
outlet 


— ► CAKE 

FILTRATE 

WASH 


I STRONG 

Olixter Continuous Filler Co., London. 

Fig. 110. — ^Vacuum filter. 

Thus, each compartment produces one cake of material for each 
revolution, so that the output will depend on {a) the diameter 
of the drum ; {b) the number of revolutions per minute ; and (c) the 
thickness of the cake produced. According to the nature of the 
material treated, the output varies from 200-2500 lb. per sq. ft. 
per twenty-four hours. Ore slimes and floatation concentrates are 
usually de-watered at the rate of 500-600 lb. per sq. ft. per twenty- 
four hours. 

Vacuum filters are chiefly employed for metalliferous sands or 
slimes or for other jSne material for which the ordinary methods 
of sedimentation are not sufiiciently rapid, or which do not give 
a sufficiently sharp separation. 

Draining belts axe sometimes used for drying sand, etc. They 
consist of an endless belt of stout twill cloth or similar material 
mounted on rollers like a belt conveyor (p. 328). The water 
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draining through, the belt is caught in a trough below and led away, 
whilst the de-watered material is removed by a scraper placed 
near one of the pulleys. These belts soon become clogged and are 
by no means satisfactory dryers. Their only recommendation is 
that they convey the material as well as drain it. Attempts to 
compress the material on the belt by means of rollers have not 
been generally satisfactory. 

Centrifugal drying may be employed for fine sediments, though 
it is, in most cases, too expensive except for valuable materials. 
The apparatus used is known as a centrifugal separator. It con- 
sists of a plain or perforated cylinder or basket, mounted on 
suitable supports or on a spindle, and rotated very rapidly by a 
belt and pulleys. If the basket is perforated and hned with cloth, 
felt, or other porous material, it is almost filled with the wet 
'' sand ” and the machine is then started. As the basket rotates 
with increasing rapidity, the action of centrifugal force drives 
both the water and the solid to the sides of the basket ; the w^ater 
passes through the perforations and the sohd matter is retained 
by the filtering medium. If the speed of rotation is sufficiently 
high, a very well-drained material is formed. 

If the basket is a plain one, it is made to rotate before adding 
any wet sand, and the latter is fed into the revolving basket at a 
steady rate. The sand ” dies to the walls of the basket more 
readily than the water and adheres thereto, whilst the water forms 
a hollow cone near the interior. If one or more small holes exist 
in the bottom of the basket, the clear water will pass out through 
these until the machine has been filled with de-watered sand. 
Any further quantity of wet sand then added will pass unchanged 
through the machine. 

Various modifications of these two types of centrifuge are 
available, including one containing a filtering cone covering the 
holes for the exit of the water near the centre of the drum, so as 
to retain even the finest particles. If a mixture of a material 
consisting of grains of various sizes with a larger proportion of 
water is passed through a tall centrifugal drum, the solid matter 
is separated according to the size of its particles. In this way 
an efficient grading of fine sands can be satisfactorily effected in 
a suitable centrifugal machine. 

It will be seen that the operation of a centrifugal machine 
is very simple. The amount of material forming a charge and 
correct rate at which the machine is to be run are easily ascertained 
after a few trials, and there is little to get out of order. The one 
drawback to the use of perforated baskets is that the solid material 
is liable to form a very compact mass through w^Mch the water 
travels with difficulty, and if the speed of the machine is increased, 
the density of the solid material is correspondingly increased. 
As a matter of fact, the use of baskets with perforated walls is the 
reverse of what should be employed, and the ideal arrangement 
is one in which the walls of the basket are quite plain, whilst the 
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outlet is near the centre of the basket. If this outlet is covered 
by a filter, the latter will have very little work to do as the bulk 
of the sohd matter will adhere to the walls of the basket and only 
water which is almost clear will come in contact with the central 
filter. This arrangement has been patented by W. J. Gee, and is 
used in some of the filters supplied by Centrifugal Separators, Ltd. 

Evaporation or Drying by Heat. — The drying of sands by 
evaporation is accomplished by applying heat to the wet material 
by means of (i.) a hot floor, drying pan, rotary dryer, or similar 
heating device ; or (ii.) by passing hot air over the material. 
Occasionally both these methods are combined. 

A hot floor consists of a shed or other building having a floor 
of bricks, concrete, or metal plates under which are numerous 
flues conveying either hot gases from a fire or steam from a boiler 
from one side or end of the floor to the other. By this means 
the floor becomes hot and any wet material placed upon it is dried 
by evaporation. Hot gases from a coal or coke fire are generally 
employed for such purposes, as steam heating is much slower, and 
there is, in most cases, no object in drying very slowly. Such 
floors are used for dr3fing calcined quartz, ground phosphates, 
the concentrates obtained in recovering metals from sands, foundry 
sands, and similar sands ” which are not damaged by a slight 
overheating. 

The materials, if sufficiently fluid, may be discharged through 
pipes on to the hot floors and removed by rakes when dried. Less 
fluid materials may be tipped on to the floor and distributed by 
means of rakes. 

Drying pans are sometimes employed for sands. They are 
similar in principle to drying floors, but are on a much smaller 
scale. The pan may be of any convenient size and shape provided 
it is not too deep. It may be heated by a fire or by hot gases, or 
even by steam passed beneath it, but if the heating medium is at 
a temperature much above 150° C. the pan should be fitted with a 
mechanical stirrer so as to prevent the sand from being seriously 
overheated. Such pans are seldom economical, and are used chiefly 
on account of the rapidity with which they can dry moderate 
quantities of sand, without much regard for the cost of the heat 
used, or the labour employed. When large quantities of sand are 
to be dried regularly, pans are better replaced by some other more 
economical type of dryer. 

Drying troughs, heated externally, may be regarded as pans of 
special shape. The sand is agitated and gradually conveyed from 
one end of the trough to the other by means of an Archimedean 
screw, or preferably by a shaft carrying a series of inclined blades. 
The open trough allows a large amount of heat to escape and is 
preferably replaced by a cylinder (see later). 

Tower dryers are tail structures which receive the wet material 
at the top and dry it as it passes slowly by gravity to the bottom. 
One of the simplest forms of this type of dryer consists of a tall 
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W()<>(i(‘M i()\v(‘r on two opposit^^ sid(‘s of winch arc a nericH of Ht(H‘.ply 
sloping platforms which a(‘l a,s “ hanies.'” Th(^ w(‘t, Hand falls on 
f‘a<‘h of th(‘S(‘ ha.ni(‘s in turn, and in so doing it mcudnS an \ij)ward 
curnmt. of hot gas(‘s from a fnrnac(‘ or otlan* sounu^ of h(‘at Ixdow. 
Th(‘ tower must lx* so higli and ih(^ batik's so nunun’ous that tlui 
sand is dry befon* it i*(‘a('h(‘S th(^ bottom of tlu^ tower. 

A much m(>n‘ rapicl drying can b(^ (dTcctcd in a miudi smaller 
stru<*tun‘ consisting of a. s(‘ri(‘s of iron ])a,!is or t-rays mountexi oru'- 
above anotlnu’. Th(‘ sand is h'd into th(‘ upp<‘rmost pan, is carried 
slowly round if })y uH'ans of a nwolving s{*rap(‘r, and falls through 
an opening into tlu^ pan 
l>eiow wh(‘r(‘ it is similarly 
tn‘at<‘d, and evcudually 
nxiclu'sthe })ott(>m of t h(^ 
s(‘ri(‘s. Th(‘ laait may be 
suppli(*<l in the form of 
hot gas(\s, or still Ixdtei’, 
each pan may Ix' luxited 
by a s(*parat(‘ gas-burner 
whitdi <‘nsur<‘s a much 
b(‘tt<‘r appli<'at ion of h(‘at- 
to th(‘ sand, and with 
care does md caust' any 
overheaJing. Such a, 
dryc‘r, made* b\' Hardy 
Fad m o re, Ltd., V\k u’c x ‘st ( * r , 
and shown in Fig. Ill, is 
very suitabk* for drying 
sands for use* in glass 
manufacturer an el in 
foundrie*s. 

A iowvr eiryer usexl in 
Ame*riea for sajui - blast 
material comsists of a s(*rie.H Jiartin a- iui<inum% imi., n'orccHirr. 

of tiea-H of pipe's ihrotlgh Fiu. 111. — Towerr dryea*. 

whic’h Hte*ain is passe*d at 

a pnxsHure'of about fK) lb. p(*r sq. in. Ther wed sanei is discbargexl 
from a. I)uck(*i e*l(‘vator on to tlie^ uppe-rmost ti(*r ; bemig damp and 
coin*rent, it re‘muins the*rcj until it dries, aft(‘r whiedi it falls on to 
(xich iow<*r tic*r in sueeession until, wliem eom{)I(rt<<‘Iy dry, it falls 
on to a Ix'lt eonve*yor wliieh carrie's it te> ther storage* bins. 

Drtflnfj ff/linrifr.H are* vc'ry exronomiexii vvh(‘r(r a large amemnt e)f 
sanei ih in be driexl. I'hey e'emsist (*Hsemtially of a cylinder whiedi 
may be* ve‘rti<*al, horizontal or ine*iined, anel (‘ithe‘r stat ie)na.r*y, hut 
tilted with rexvolving arms, or the eylinder itse'lf may reve>lve^ slowly. 

A rvrtiml dryimj cylinder i.s r(‘aily a spe*eial form of tower elryen* 
(p. 49H) and is* eronstruet exl in a similar manner. The eylinderr is 
usually slat ie)nary, hut eontaims a s<*rie‘Sof trays al)()V(r wliieh are rei- 
volving arms, tlie arrang(‘me*nt being v<*ry similar to that in Fig. 111. 
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A fixed horizontal cylinder dryer must be provided with a series 
of revolving blades mounted on a central shaft, the blades being 
inclined so as to stir the material and carry it gradually through 
the cyhnder. The latter is usually heated externally. If the 
cyhnder rotates it must be provided internally with a series of 
baffles which impart a gradual forward movement to the material, 
and also hft it repeatedly and allow it to fall through the hot gases 
which pass through the cylinder. This type of dryer may be heated 
internally, or both internally and externally ; it is greatly improved 
by being slightly incHned. 

Inclined drying cylinders may be of either the fixed or revolving 
type, though the latter are preferable and more generally used. 
They have the advantage over the horizontal cylinders of requiring 
less power to drive them, and of being more compact and less 
expensive than some of the vertical ones, though a true comparison 
can only be made with reference to a particular sand dried to suit 
a given purpose. Inclined dr 3 dng cylinders are usually heated 
both internally and externally, though those heated either internally 
or externally are in use and are quite satisfactory. The sand to 
be dried enters at the upper end of the cylinder and passes slowly 
along it, being raised and allowed to fall many times on its journey, 
until it passes out, fully dried, at the lower end. Care is required, 
especially with externally heated dryers, to avoid overheating ; 
this is less likely to occur with internally heated dryers, though its 
possibility should not be overlooked. 

One of the simplest forms of drying cylinders consists of an 
inclined cylinder rotating on the outside by gearing and heated by 
gases from a furnace at one end, which pass along the cylinder and 
are drawn off by a fan or chimney at the other end. The sand is 
introduced by means of a hopper at the end of the cylinder farthest 
from the furnace, and is carried by the rotary motion of the tube 
to the other end, where it falls into a receiver. Projections or 
baffles are fitted to the lining of the cylinder so as to break 
up the sand, lift it up repeatedly, and render the dr 3 dng more 
effective. 

A more complicated dryer is the Ruggles-Coles dryer shown in 
Fig. 112. It consists of two concentric steel cylinders capable of 
revolving about their shghtly inclined common axis. The cylinders 
are connected at the middle by means of cast-iron arms, and at 
each end by means of adjustable arms. The inner cylinder projects 
beyond the outer at the upper end, and passes into a stationary air 
chamber which is connected to the hot-air flue of the furnace. The 
lower end of the cylinder is also connected by means of an opening 
in the bottom to a second stationary air chamber, which is provided 
with a damper in order to regulate the temperature. The hot 
gases are drawn by means of an exhaust fan through the inner 
cylinder, and then back through the annular space between the two 
cylinders, and finally brought through the flue leading to the fan. 
The sand is fed through a shoot into the space between the two 




Boving Engineering WorJcs^ Ltd,, Lo7ido7i. 
Fig. 112. — Ruggles-Coles dryer 

a dry state. This type of dryer has been largely used for drying 
sand for glass and chemical manufacture. 

The rotary dryer made by Manlove, Alliot & Co., Ltd. (Fig. 
113), differs from that just described, inasmuch as the gases first 
pass around the inner cylinder containing the sand to be dried 
and then through the cylinder to a fan discharging into a short 
chimney. 

In the rotary dryer made by Ord & Maddison, Ltd., Darlington, 
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Mmilove, Alliot Co., Ltd., Nottingham. 
Fig. 113. — ^Manlove- Alliot rotary dryer. 

the cylinder is suspended by endless steel chains from a shaft above 
and is driven by tbe frictional contact of the chains with the cylinder. 
The cylinder is provided with the usual scoops to lift the sand and 
carry it forward and is heated externally, and also by a blast of air 
from numerous perforations in a long pipe which passes longi- 
tudinaUy through the cylinder. The blast of air is particularly 
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useful for expelling the steam and for preventing condensation, but 
unless a catcher or trap is provided, much of the finest sand will 
be lost if a powerful blast of air is used. The dryer has been used 
very satisfactorily for drying sandstone previous to grinding it, as 
such treatment reduces the cost of grinding. 

A good rotary dryer is somewhat costly to instal, but if well 
designed and sufficiently long to utilise the heat properly, it will 
soon pay for itself in cases where there is a sufficient quantity of 
sand to keep it fully employed. 

In order to obtain the best results from a rotary dryer, which is 
probably the most efficient type available for large outputs, it is 
most important to take the following precautions ; (a) The sand 
must not be overheated if it is to be used for foundry work, or for 
other purposes where a moderate degree of plasticity is required. 
(d) The temperature of the gases leaving the dryers should not be 
hotter than is necessary, or much waste of heat will result, (c) If 
the dryer is not heated externally it should be well lagged with 
good insulating material, or much heat will be lost, (d) A fan is 
preferable to a chimney for creating the necessary draught, as the 
latter can be much more accurately regulated with a fan. (e) The 
sand must be brought into the most intimate contact possible with 
the hot air, in order to ensure that the air is being used with the 
greatest economy ; this is effected by suitably designed baffles or 
scoops and by keeping the cylinder as horizontal as possible, con- 
sistent with a sufficient forward movement of the material. (/) 
The material should be supphed to the dryer in small quantities at 
very frequent intervals, rather than in larger amounts at longer 
intervals, (g) The dryer must be large enough and long enough to 
do its work properly ; short dryers are seldom efficient so far as 
fuel consumption is concerned, (h) The fuel must be fully burned, 
as partially burned gases involve a serious waste of fuel. 

By taldng sufficient care to observe these precautions, the 
maximum output may be obtained with a minimum expenditure of 
fuel and labour. 

Sundry Dryers . — Various apphances may be used for drying 
small quantities of sand, especially where there is little risk of 
damaging it by overheating. Thus, in some works, the sand is left 
in any convenient warm place until it is dry. 

A simple device, much used in American foundries, brickyards, 
and glass-works, consists of a small coke stove surmounted by an 
iron cone from the top of which projects a short chimney, the total 
height being about 3 ft. Around the cone and chimney is a cylinder 
of perforated steel, 3 ft. in diameter. The wet sand is placed in 
the cylinder and is stirred occasionally with a long poker. As it 
dries, the sand separates into individual grains, and these pass 
through the |^-in. perforations in the cylinder and accumulate in a 
tray around the base of the furnace, from which it may be removed 
with a scoop. This dryer is not economical in fuel, but for drying 
a few hundred pounds of sand it is by no means extravagant, and 
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it is so simple to use and so strongly built as to do its work with, 
little trouble or attention. 

Effects of Overheating in Drying. — ^For many purposes the 
temperature attained by sand during the drying process is of no 
importance, but for foundry work, and less frequently for some 
other purposes, care must be taken to avoid an excessive tempera- 
ture. This is chiefly due to the fact that some materials known as 
sands ” are in reality mixtures of sand and clay, and for their 
effective use the plasticity of the clay present must not be destroyed. 
As such destruction is readily effected by heating to a temperature 
much exceeding 120° C. (250° F.) the dryers used for such sands ” 
must not expose the sands to a higher temperature than that just 
mentioned. 

Since any temperature below a red heat is not likely to damage 
a sand which is free from clay (e.p. most washed sands), it is usually 
more economical as well as more speedy to work the dryer at a 
relatively high temperature, as a smaller quantity of air or hot 
gases will then suffice to carry off the moisture in the sand. 


CONCENTRATION BY WATER 

Concentration forms part of the treatment of metalliferous 
sands, and consists in the removal of the siliceous material from 
the heavy minerals present. Some of the processes are similar 
in many respects to “ washing ” (p. 384), though the presence 
of the heavier particles renders some modification necessary. In 
many cases, a preliminary washing is desirable to remove the clay 
and dirt ” adhering to the sand ; this washing is effected in the 
same manner as for ordinary sands (p. 384). 

The principal washers used are sluices (p. 386), log washers 
(p. 386), mud-wheels (p. 386), wash mills (p. 388), and rotary 
washers (p. 389). 

In washing, the lighter and smaller particles are removed by 
the water, but in concentrating, the particles of higher specific 
gravity are retained whilst those of lower specific gravity are 
carried off. In washing, separation is largely based on the size 
of the particles, but in concentrating, their specific gravity is the 
important factor. 

Panning. — The simplest method of concentrating metalliferous 
sands, such as those containing gold, consists in panning as described 
on p. 256. The pans usually employed are about 18 in. across 
the top and 10§ in. at the bottom, and hold about 20 lb. of material. 
A man will work 75-150 panfuls or |-1 cu. yd. of material per 
day ; 100 panfuls or 18 cu. ft. is a good day’s work. This method 
is, of course, slow and is only used for prospecting, mechanical 
appliances being used for washing the material on a large scale. 

Buddies. — ^A very old method consists in using a huddle, which 
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upper end of the table the slurry should be supplied to the table 
in a thinner slip, or should be supplied more quicldy. If, however, 
it collects too quickly at the lower end of the table, the slurry may 
be too thin or is being supplied at too great a rate. A round 
buddle 18-25 ft. in diameter, the arms of which make 5-10 revs, 
per min., will have an average output of lJ-3 cu. ft. per min., will 
carry 28-56 lb. of material, and will require three to ten hours for 
each batch of material. 

Some circular buddies are concave instead of being convex 



and cause the heavy minerals to collect at the circumference, 
whilst the lighter grains pass to the centre. Such buddies are 
useful for treating materials from which the greater part of the 
gangue has been removed by partially concentrating them in a 
convex buddle. 

Sluicing is a very simple method of concentration. A sluice 
is a wooden or iron trough, about 12 ft. long and 12-24 in. wide, 
fixed at an inclination depending on the character of the material, 
but usually between 1|- in. and 21 in. per 12 ft. The slurry, com- 
posed of sand and water, is fed in at the upper end of the trough 
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at the top and 42 in. at the bottom, and then allowing it to settle, 
whilst one or more hammers deliver eighty to one hundred and 
fifty blows per minute on the outside of the tub. After the whole 
of the heavy materials have settled, the supernatant liquid is poured 
off, the upper layers of material being discarded, as they consist 
almost entirely of light minerals, the heavy minerals having settled 
first. , The process may be repeated as often as it is necessary 
for the purification of the sand. This type of concentration is 
chiefly used in separating tin from crushed rock or from tin-bearing 
sands. 

The devices described above are all intermittent, and they must 
be stopped at intervals in order to remove the material collected. 
Where a large output is required it is preferable to employ a con- 
tinuously acting separator, as this secures a greater output in the 
same time without impairing the quality of the separation. 

Revolving huddles are similar to the fixed buddies already 
described, except that the table rotates and the slurry is only 
supplied to about half the table, the remaining section being used 
for wash water. The tailings flow down one-half of the table, 
the '' middlings ” flow over the next third, and the “ headings ” 
are cleared off by fixed brushes or jets of water just before each 
revolution of the table is completed. Each portion so removed 
passes into its own division of the outside receiver. Buddies of 
this kind are rotated in one to five minutes. A huddle 10-16 ft. in 
diameter will deal with 6-8 tons of sand in twenty-four hours, 
and requires about 15 cu. ft. of water per min. When treating 
very fine material only about 8 cu. ft. of water per min. are required, 

and the output is 2 *8-3 *6 tons per day. Concave buddies are 

sometimes employed, the slurry being supplied over about one 
quarter of the circumference. 

A revolving huddle 15-25 ft. diameter, with the arms making 
J-1 rev. per min., will deal with 1^-3 cwt. of '' pulp ” per min., 

I carrying 4-7 lb. of solid matter per cu. ft. of pulp. The power 

I required to operate such a huddle is |-1 J h.p. 

Side - percussion tables are inclined tables similar to those 
previously described, either with or wnthout riffles, and sloping 
at an angle of about 6 degrees for sand and 3 degrees for fine slime. 
The material is supplied to the table at one corner, whilst the wash 
water flows down the rest of the table. In the Rittinger apparatus 
the table is struck at the side by means of a cam motion about 
70-80' times per min., the table being moved about in. at each 
blow when used for sand or |-1 in. when used for slime ; the 
knocking causes the material to be spread across the table according 
to its specific gravity, and it is then carried down the table by the 
wash water, being guided by baffles into different receivers. In 
the Luhrig table (Fig. 116) a greater number of smaller laiocks 
are given, . usually about 150-210 per min., the movement being 
^-IJ in. A belt is fitted over the inclined frame, moving at right 
' angles to the direction of the water, the slurry being supplied to 
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one end of the belt and wash -water to the rest. A Luhrig con- 
centrator with a belt surface 12 ft. by 3 ft. 6 in., travelling at the 
rate of 8-12 ft. per min. and struck at 160-180 blows per min., has 
an output of 2-8 tons per twenty-four hours. It requires h.p. 
to operate it. 

The Wilfiey table (Fig. 117) consists of a rectangular table tilted 
so that the material flows diagonally across it, the sand and water 
being poured on to it at one corner. The upper surface is covered 
with linoleum, on which strips of wood are nailed so as to form 
riffles or baffles designed to aid in separating the grains of heavy 



minerals. Near the corner, where the slurry is fed on to the table, 
the riffles are short, whilst on the opposite side they stretch nearly 
to the lower end of the table. The riffles are about f in. deep 
at their upper ends and taper to nothing, at their lower ends. The 
table is struck at the rate of 24 strokes of |-1 in. per min. ; this 
causes the various minerals present in the sand to arrange them- 
selves during their passage across the table according to their 
specific gravities. This separator is chiefly suitable for particles 
between 16- and 30-mesh. The usual output is about 1-2 tons per 
hour, for a table 16 ft. long, 6 ft. wide, tapering to 3 ft., with about 
240 strokes each f in. long per min. About 1 h.p. is required 
to operate it. 
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Grooves are used instead of riffles in the table of the Card 
Concentrator, it being claimed that they are more advantageous 
for rough concentration. 

The chief difficulty with these tables is that small particles of 
high specific gravity tend to act in the same way as larger particles 
of low specific gravity, so that some of the material is lost, especially 
as in many sands the high specific gravity particles are usually 
smaller than those of lower specific gravity. This may be largely 
avoided by screening the particles so as to ensure all those on the 
table at any one time being sufficiently uniform in size. 

In Brazil, monazite sand is first treated by the wet process and 
afterwards magnetically concentrated. 

Tin and tungsten placers are often treated on tables of the 
Wilfley type. 

In some percussion tables, the blows are apphed to the lower 


Fig. 117.— Plan of Wilfley table. 


end of the table instead of the side, so as to drive the material 
upward, whilst the descending water washes the finer grains away. 
In such tables the heavy particles gradually mount upward and 
are discharged over the top of the table. This type of table is 
suitable for material between 40- and 80-mesh. The Gilpin County 
Concentrator is of this class, and is about 7 ft. long and 18 in. wide, 
the lower 5|- ft. being flat and sloping about f in. per ft., wliilst the 
upper part is concave so as to receive the concentrated material. 
This table receives 120-180 shocks per min., the amount of move- 
ment being l|-3 in. 

Vanners consist of endless belts which slope slightly, the material 
travelling upwards, whilst the water flows downwards and carries 
away the lighter particles. The belt may be pulsated either by 
end or side percussion. 

The True vanner (Fig. 118) is a side-percussion concentrator, 
about 4 ft. wide and 12-27 ft. long, with a slope of in. per ft. 
It moves at the rate of 2-7 ft. per min. and is- struck 180-200 times 
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through the sieve (Eig. 120), or by reciprocating the sieve vertically 
in a chamber containing water (Fig. 119). Where the sieve moves, 
the amount of movement varies from J in. for a fine material to 
3 in. for a coarse one, and the number of movements per minute 
varies from 150 for fine to 100 for coarser particles. Movable 
sieves are generally used in jigs worked by hand, but the more 
modern power jigs are usually fitted with stationary sieves, the 
material being agitated by the motion of the water. For such jigs 
the size of the sieve is suited to the output required, and is generally 



2-4 ft. long and 1-3 ft. wide, and is mounted 12-18 in. below the top 
of the hutch. The depth of solid material on the sieves of a jig 
concentrator is usually about 4 in. Where very fine material is 
being treated in a jig, a bed of material having about the same 
specific gravity as the fine material is necessary to prevent the fine 
material from falling to the bottom of the jig and being lost ; for 
coarse particles this is not essential. 

The piston for agitating the water is usually placed in a chamber 
alongside the jig wth a baffle wall 7-12 in. deep between. The 
piston should not fit tightly, but should have J in. clearance all 
round. The oscillations may be perfectly regular, or there may be 
a rapid downstroke and a slow upstroke, as in the Collom jig. In 





110 strokes per 
s smaller than 





CONCENTRATION OE HEAVY MINERALS 423 

yV in. diameter. In this jig a specially thick layer of material is 
kept on the sieve. 

The water chamber or “ hutch ” containing the sieve may be of 
wood, wrought-iron sheets, or of cast iron, the first being cheap but 
liable to decay, and the last rather heavy, l3ut otherwise satisfactory. 
The shape of the hutch varies ; a pyramidal or tapering hutch is 
very convenient, as it brings the deposited material to one point, 
from which it can readily be removed periodically. This form of 
hutch is used in the Bilharz and various t)ther jigs. 

The action of a jig is as follows : When the particles are sub- 
jected to the ascending and descending currents of water, they 
arrange themselves according to their specific gravities and form a 
series of beds with the lighter materials above and the heavier ones 
below. In this way the heavy metalliferous grains are separated 
from the lighter siliceous material. The removal of the separated 
grains may be effected in two ways — (a) the light grains may flow 
over a “ gate ” in the side of the chamber, whilst the heavy grains 
collect on the sieve or pass across the sieve and are removed through 
a second aperture at a lower level than the tailings gate ; or (b) the 
heavy grains may pass through the sieve and be collected in the 
water chamber, whilst the lighter grains or tailings are removed 
over a gate above the sieve as before. 

The effectiveness of a jig depends on (a) the quantity of the 
material to be treated at a time, its density and the size of the grains, 
as well as the ratio between the diameters of the largest and smallest 
particles ; (b) the supply of water and its relation to the amount of 
pulp treated ; (c) the rate of oscillation of the water or the amplitude 
of oscillation ; (d) the speed of the upward and downward currents ; 
and (e) whether the jigging is through the sieve or over it, and, in 
the former case, the nature of the bed, its depth, and the size of the 
particles composing it. 

Table LXXII., due to T. Sop with, ^ gives the particulars of the 
jigs used for grains of various sizes, the jigging being effected over 
the sieve. 

Table LXXII. — Data for Jigs 


Diameter of .Particles. 

Oseillation per 
Minute. 

Depth of Oseillation. 

Quantity treated 
per 1 0 hr. 



ins. 

cwt. 

0-4 -0-28 

96 

2i 

244 

0-28-0-2 

86 

2 

220 

0-2 -0-1 

84 

If 

112 

0-1 .0*06 

82 

1 

71 


The amount of material dealt with in a jig concentrator depends 
on the area and especially on the width of the sieve. Outputs from 

1 Froc. Inst, Chem. Eng. xxx. 106. 
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additional sieve. The amount of water used varies considerably, a 
three-sieve jig requiring about 34,000 gallons per twenty -four hours. 

If desired, jigs may be worked in series, the material from one 
jig being discharged into a second or third so as to secure a more 
elective separation. 

The arrangement of the various machines required for con- 
centrating a sand or crushed rock containing only a small proportion 
of valuable mineral is shown in Fig. 121, which represents those 
used for dealing with an ore containing only 2 per cent of copper. 

CONCENTRATION BY FLOATATION ^ 

Concentration by floatation is based on the fact that many 
substances when in the form of powder will float on water, although 
they have a higher specific gravity than water. Nor is it necessary 
that the solid particles should be coated with a film of grease ; 
though such a film will usually increase the floatability. 

The various floatation processes may be subdivided as follows : 

1. Oil floatation, utilising diflerences of surface tension in an 
oil-water medium where the particles are buoyed up by oil, e.g. 
First Elmore process. 

2. Film floatation, utilising differences of surface tension on 
particles at an air-water interface, e.g. De Bavay and Macquisten 
processes. 

3. Adhesive processes, utilising differences of surface tension 
between particles of oil and grease, causing differential adhesion to 
oiled or greased surfaces, e.g. Murex and Cattermole greased-plate 
processes. 

4. Froth floatation, utilising differences of surface tension at 
gas-water interfaces, where the particles are buoyed up by bubbles 
of gas. 

{a) Where the bubbles are produced by chemical action, e.g. 
Potter and Delprat processes. 

(6) Where the bubbles are produced by releasing the air 
dissolved in water, e.g. Elmore vacuum process. 

(c) Where the bubbles are produced by mechanical means, e.g. 
Minerals Separation, Callow, Janey, K. & K., and Rork 
processes. 

Each of these processes has its own sphere of usefulness, but 
for sands and the like containing only a very small proportion of 
valuable material, the surface area of water or oil required to float 
any particles of metal or ore is so enormous in proportion to the 
weight of the material to be floated that, instead of the water 
surface being horizontal, it is much more convenient if it is divided 
into a multitude of hollow cells, as in a froth or foam. To produce 

^ According to the Oxford Dictionary, the customary method of spelling 
this word — “ notation ” — is etymologically unjustifiable.” 
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this froth commercially it is necessary to add small quantities of a 
suitable substance such as soap, saponin, amyl alcohol, certain oils 
such as turpentine and eucalyptus, aromatic compounds such as 
camphor, certain benzene derivatives such as aniline, cresol, phenol, 
and many other substances. 

When to water which has acquired the property of foaming is 
added a mixture of ore and quartz or other siliceous matter, and a 
foam or froth is created by shaking or other means, the ore will 
float more readily than the quartz, so that a separation will be 
effected. 

The froth usually requires to be stabilised by the addition of a 
saturated hydrocarbon such as paraffin oil, which enlarges the angle 
of contact between the air-liquid surface and the water- solid surface. 

The quartz may be rendered still less floatable, and its separation 
from the ore improved, by the addition of a little sulphuric acid, 
soda, sodium silicate, or some other salt. 

Hence, on using floatation as a means of separating certain 
minerals from the gangue (quartz, etc.) in a sand, there are three 
factors to be adjusted relative to one another — (a) the cresol or 
other froth-producing substance ; (6) the paraffin oil or other froth 
stabiliser ; and (c) the acid which reduces the floatability of the 
gangue. Sometimes one agent will discharge two duties : thus, 
sulphuric acid not only deflocculates quartz particles and renders 
them unfloatable, but it increases the floatabihty of zinc blende, 
whilst sodium silicate behaves similarly with regard to copper 
sulphide ores. Eucalyptus oil, oleic acid, turpentine, and many 
other oils act both as froth-producing agents and froth stabilisers. 

The proportion and nature of the salts in the water used also 
affect the results. Thus, if soap is used the water must be soft. 

There is no general rule that ores are floated and gangues 
unaffected ; almost any substance can be made to float if suitable 
chemicals are used, and the problem in each case is to find what 
agents will most effectively separate the substance which it is desired 
to float from the others which are present in the crude sand. 

The proportions of reagents required are usually quite small ; 
indeed failure more often occurs from using too much than too 
httle. About 3 lb. of oil, up to 20 lb. of acid, or 3-4 lb. of sodium 
silicate per ton of ore, is all that is usually required. 

The sand or crushed rock is mixed with about four times its 
weight of water and agitated by rotating blades. During the 
agitation the reagents are added, and after sufficient mixing and 
aeration the frothing Hquid is transferred through an aperture 
in the side of the vessel to another vessel containing still water. 
Here the bubbles loaded with mineral particles rise and form a 
froth which is removed, whilst the particles of gangue sink to the 
bottom, and may, if required, be carried into another vessel for a 
repetition of the treatment. 

The efficiency of the process is such that 90 per cent of copper 
sulphide in an ore containing only 0-5 per cent of this material can 
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be recovered on a commercial scale. The process is particularly 
useful for ores and sands of very low grade which could not he 
concentrated economically by any other method. 



In the use of floatation as a method of separation, practical 
procedure has outrun scientific knowledge, so that whilst a large 
number of papers and several books have been written on the 
practical aspects of the subject, the scientific side has been largely 
neglected. Many of the statements made in explanation of the 
underlying principles do not bear the test of experiment, and until 
there is more consensus of opinion on the precise nature of the 
underlying principles, no brief yet comprehensive explanation of 
them can be given. It does not appear certain, however, that 
when a substance has been deflocculated or reduced to a state 


in which it will remain suspended in water it can no longer float 
on the surface. On the other hand, flocculated substances wiH 
float if the aeration is sufiflcient. Hence, all floatation problems 
resolve themselves eventually into the flocculation and aeration 
of the substance it is desired to float ; thus, flocculation is effected 
by the addition of a chemical substance which must depend largely 
on the colloidal character of the substance under consideration. 
The aeration is similarly effected by the addition of a suitable 
froth stabiliser as well as by the use of suitable mechanical means. 
The deflocculation of the gangue must be brought about by another 
reagent, which, like the one used for flocculation, must depend on 
the chemical and physical properties of the substance on which it 
is to react. 

When once the necessary conditions as regards the reagents 
to employ and the proportion of each have been determined for 
any given material, the process of concentration by floatation is 
a simple matter. 

CONCENTRATION BY AIR 

Concentration by air is sometimes used for dry material, the 
air being used either as a continuous blast or in a succession of 
gusts. Tor the former, an air separator is used. 

The purification of sand by means of a current of air, especially 
in connection with an air separator (p. 466), is seldom possible 
when clay is present. Fine particles of a non -plastic nature 
may, however, be efficiently separated by this means, as a current 
travelling at the rate of 4*4 ft. per sec. will stir up the sand and 
carry off* all the particles less than 0*1 mm. diameter. Larger 
particles can seldom be separated efficiently by means of air. 

A pulsating air separator is often used for concentrating 
metalliferous sands. A dry concentrating table, in which air is 
used, consists of a table under which is an air-motion blow^er, which 
causes air to enter the table from below and pass through a pervious 
cloth top, forming an air film under pressure on the upper surface 
of the cloth. This air film causes the minerals to arrange them- 
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selves vertically in order of their specific gravities, the heaviest 
being at the bottom. A reciprocating motion is also imparted 
to the table, which causes the minerals to arrange themselves into 
zones. This method has been used for concentrating monazite 
sands in Travancore. 

Although air separators (p. 466) may also be used for concen- 
trating heavy minerals, they are chiefly used for grading or sizing. 


MAGNETIC CONCENTRATORS 

Concentration by magnetic means is often both cheap and 
efficient. Magnetic separators may be divided into 

(a) Lifting separators. 

(b) Retaining separators . 

(c) Deflecting separators. 

In each case the separation depends on the fact that some substances 
are more readily attracted by a magnet than others. Table LXXIII. 
shows the maxima of magnetic susceptibility of various substances. 

Table LXXIII. — ^Maxima or Magnetic Susceptibilities oe 
Various Substances, by Volume, in C.G-.S. Units ^ 


Material. 

Locality. 

Magnetic 

Susceptibility. 

Soft iron 


400 

Magnetite (pure crystallised) 

Piedmont 

3-12 

Magnetite 

Hay Tor, Devonshire 

1-44 

Magnetite 

Altenfjord, Norway 

0-27 

Magnetite 

Lake Champlaiu, U.S.A. 

0-234 

Magnetite (altered carbonate, 

Bettwys Garmon, Car- 

0-06 

impure) 

narvon 


Red Haematite .... 


0-0(>073 

Red Haematite (crystallised) 

Cumberland 

0-00017 

Specular Haematite 

Xova Scotia 

0-00106 

Specular Haematite 


0-0005 

Brown Haematite 


0-00042 

Brown Haematite (pure crystal- 
lised) 

Xova Scotia 

0-00011 

FranHinite 

New Jersey 

0-0037 

FranMinit© 

New Jersey 

0-00253 

Ferrous sulphide .... 

Artificial 

0-064 

Spathic ore 


0-000550 

Clayband 


0-00069 

Impure carbonate or© 

X orthamptonshire 

0-00056 

Ilmenite 

India 

0-00147 

Monazite 

Travancore 

0-000069 

Zircon 

Ceylon 

0-00000055 

Pleonast© 

0-000102 

Grahnite 


0-000054 


' Due to E. Wilson. 
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l'h<‘ siiHrept ibilil ifH of <*onun(>n non - {(‘rrou.s nunoraln 
nii<’a, qunrtz. foLH|jar. oalcib* an* lass tfnin 0-()()0()()l ; thosc^ of 



II m. lAd.^ liumvm. 

Fa;. 122. Hcpiirator. 

“stroiiuly** inajfnatii' ininarals an* gnaticr than 04)01, “fcnOily” 
inaifnatic minarals hat naan and 04)001. 

A Lifting separator a<aisist.s asHantinlly of a n)a.g;n(*i whic.h can 
ha pasHad amongst tiia mafarinl to la* s(*parai(‘(l in such a manner 
that Ilia nmgnatia partit'las adh(‘r(‘ to iln^ rtiagnat and arc 
ramoviai along with it whan the 
inagnat in wiflniravvn from iha 
matarial. dliis mat hod is rjnifi* 

Huitahla for vary sniali cpnintitlas 
of miitarial. but it is too shnv hi 
ha tisad f(»r large i|iiiintifiaH. 

A Retaining separator ii.sually 
aonsistH of ait har 

in) A ahuta cif ina!in«‘d Irougln 
in wfiiali ara a nnrnbar of niag» 
nalH whialt rf4idri aartnin c»f tin* 
part ialas paHHing down I ha trough 
wliilsl tin* ramnindar pass along ^ 
arnl ara sapiinitad. dd'ia afipa- 
rattiH iiutst ha sit^pfiad ii,t intar- 
vids in ordar that tin* inagni‘tia 
inaiarifd may ha ramov<*d from nunkm. 

fha niiignalH! Figs. 122 and 122 Ido. Ma|.pK4/ic Haparat(>r. 
sh<iw an iippiiratiiH of I his kind 

in whiah t-ha riiagnatH iiYv. in tha form of a H(‘n(*.s of haflic^s acroHs 
tin* t rough, so as to distnrl^ th(^ watar and sacnirc^ an (3fTc(5tivc 
sapiiraiioin For «*Ic*anirig, tin? H<.nv of matiTial. is sto|)pad and the 
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electric current switched off. The magnetic particles can then be 
washed down with water and the apparatus started again in less 
than five minutes, 

(b) A drum or puUey, formed of a series of magnets, which 
rotates whilst the material to be treated passes over it. The 
attracted particles adhere until the drum has reached a prearranged 
part of its revolution, when the electric current which creates 
the magnet is automatically shut off, and any adherent particles 
then fall away into a suitable receiver. As the drum continues 
to revolve the electric current is again applied automatically and 
the drum again becomes a magnet.. Instead of one magnet, a 
large drum with several magnets on its circumference may be used. 

In some cases, instead of allowing the mixed materials to flow 
directly over the drum, they are carried on an endless belt, the 
magnetic drum serving as one of the pulleys, as in the Ingranic 
•Separator (Fig. 124). This arrangement works in a similar manner 



Sturtevant Engineering Co., TM., London. 


Fig. 124. — Ingranic magnetic separator. 

to the magnetic drum just described, but the use of a belt is some- 
times more convenient. Another separator of this type is the 
Wetherill Separator (Fig. 125), which has three electro-magnets, one 
of which forms one of the puheys supporting the belt upon which 
the material to be separated travels. The magnetic grains are 
carried round the pulley and fall into one receiver, whilst the non- 
magnetic particles shoot forward and fall into a second compartment. 

Further classifying into strongly magnetic and weakly magnetic 
materials may be carried out by the use of two cylinders, the 
second having a higher speed or a weaker magnetic field. This 
method is employed in the “ Monarch ” separator, in which the 
material falls on to the first cylinder and is separated from the 
magnetic material. Just as the latter falls from this cylinder it 
is caught by the magnetising zone of the second cylinder, but only 
the strongly magnetic particles are able to be held, and so a further 
classification into strongly and weakly magnetic particles is effected. 
A machine of this kind with cylinders 2 ft. diameter, the first 
revolving at 40 revs, per min. and the second at 50 revs, per min., 
will separate 15-20 tons per hour of material between 15- and 20-mesh, 
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mapetie intensity. This arrangement is adopted in the Inter- 
national Separator. 

Deflecting separators are those in which some of the material 
IS drawn aside by the magnets and so separated from the remainder 
ihe simplest separator of this type consists of a narrow inclined 
table or trough, down the sides of which are fixed a series of magnets 
As the material flows down the trough the readily magnetised 
particles are deflected and adhere to the magnets. Rotating 
drum magnets, such as those described on p. 430, are sometimes 
regarded as deflecting separators. 

In all magnetic separators it is important (a) to use sufficiently 
strong magnets ^preferably electro-magnets, as their intensity is 
under better control; (6) to aUow the material to be separated 
to be m as close contact as possible with the magnets, as aU inter- 
vening substances, such as belts, etc., reduce the efficiency of the 
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separation of the smaller particles ; (c) to allow ample time for 
the desired material to reach and 'adhere to the magnets, and, 
in the case of rotating magnets, to allow the adherent material 
to be carried sufficiently far to ensure a complete separation. If 
a rotary electro -magnet is used, the construction of the commutators 
is important, as a quick “ make and break ” is essential. 



ELECTROSTATIC CONCENTRATORS 

Electrostatic separators (Fig. 126) are sometimes used for 
concentrating dry materials. They depend on the fact that, if 
a stream of material is brought into contact with an electrically 
charged body, those particles in the stream which are good con- 
ductors of electricity will become similarly charged and repelled, 
whilst those which are poor conductors will continue their flow 
undisturbed. A still more definite separation will take place if 
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0u‘ whole of tlH‘ material in first charged negatively atul is them 
brought into eonta.et with a positively chargexl body. Theme arc 
various forms of (‘leHdrostaiie. se])arate)rs, hut the essential features 
of ail an‘ that the- material fie)ws eie)wn an inedineel ediute which 
is n(‘gative‘ly chargee 1 anel them falls e>n te) a positively eliarged 
n^volving e^ylindeu', at the^. siele^ e>f which is a seconel ne^gativcily 
charg<*d edeadrode*. The* partic-le^s, whieth arc^ g()e)el (ionductors, are 
imme*diat(dy r(*|H‘lled from the^ revolving cylindem, whilst those 
whi(‘h are* |K)or(‘r condue*.tors ce)ntinue to aeiheme for a Icmgth of 
time* de*}H‘nding e)n the‘ir (*-e)neiue*,tivity. By this means it is 
re*Iativ<*ly <‘a-sy to s<‘[)arate‘ a mateu'ial into thre‘ei differemt portiems, 
viz. highly coneluetive*, me‘dium e*.e>ndu(‘.tive^ anel fe‘-ebly camductivc. 
As ejifT(*re‘nl min(‘rals vary in thedr e‘k‘(itrical ee)neluetivity the^y may 
!)e* Hc*parat(*d in this way fre>m e)ne anothem. Thus, magncititc, 
magnetiet ilme‘nite‘, magnetie*. haemiatite^, pyrrhe)tite, chromite, 
ihn<‘nite‘, haematite*, wolframite, pyrite^s, e*-olumhite, tantalite, 
gold, e‘t(!., are* highly (ujneluc.tive^ ; f(mrifere)us amphibe)les anel 
pyrox(*neH, black hiotite, totirmaline, titanite^, rutiles, anatase, 
brookite, and cassite‘rit<^ are^ m(‘elium ete)ndiie*.te)rs ; anel siderite, 
xenotime^ (*{>idot(‘, olivine*, staurolitee, garne't, me)nazite, gypsum, 
(piartz, ehale^edony, fe‘ls[)ars, e^ale-ite*, ele)lomit(% e*,e)rdi(U’ite^ musee)vit(^, 
aj)atit(% andaluHite% sillimanite*, fiue)rit(‘, eliaTne)nel, te)[)az, kyanite, 
Hpinc‘I, ceannulum, ee‘le‘stite*, zire^e)n anel baryt(^s arei pe)e)r ejonductors 
of eleetrie'ity. 


PURIFICATION BY CHFMIOAI. ACTION 

dlio <'he*iuical tre*atm(*nt e>f sanel is only useMl in spe‘e-ial eases as 
it is expeuisive*, and in most <;ase^H sanel eum bci suffieiemtly wedl 
c’h*ane*d by oth<‘r m<*ans. 

Hyeiroe’hloric acid has beH*n UH(‘el te) se)nie e^xtemt fe)r removing 
iron e'ompounds from Hands. It is usedul in some^ e.aHe*H, but is 
seldom eompl(*teIy sa.tisfae-te)ry, partly beniause^ some ire)n com- 
pfuinds an* unafT<*(*te*d by hyeiroehlorie; ae*iel ewem wheat heaiteel to 
high te*mfH*ratureH, and partly hea-ausee the^ aedd eainne)t ])eaiettrate 
to the* intemior of the^ partiel(*s, and so ele)eeH rie)t removes the wholly 
cru’leescd inen eompoimels ; whe*n the* sanel is usetel for any purposes, 
siie*h as grinding or glass rnanufaeture*, in whied the^ inteador e)f the 
grains is eventually <‘X|M)se*(U such (‘n('lose‘-el ire)n (a)mpe)umls may 
thcii have a H(‘riouH e*fT<H't. For this reaison, the* treuitmeatt e>f sanels 
with hyeiroedilorict aeid is only of valuta wheai the^ whole*, of the iron 
is in the* feerm e>f an e‘xterior <*oating on the*. partiede‘s. 

Ireai e'ompourids may he* re‘move‘eI fretm ki(*H(‘lguhr by mixing it 
with hyelrochlorie? aeid (Hpe*cifi(*, gravity 1*1) to form a fluiel-paste^ 
and theai he*aling the* mixtures to H(F ( k The* mass is e.ooleel, washeel 
with wateu* pasHe»d tlmough a fill{*.r pre*ss, and tdie^ e,ak(*H drieal and 
ignitc‘d. 

InHtf*aei of bedng treatc^d with hyeire)chlori(t acdel, Hanels may bc^ 

von. I 2 F 
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mixed mth common salt and heated to redness. This results in 
the formation of ferric chloride, which is volatile and so escapes. 
Unfortunately, salt is no more efficient than hydrochloric acid, hut 
it is sometimes cheaper to use it. 

Concentrated sulphuric acid is used for removing iron oxide 
from artificial carborundum sands, ‘which are used for abrasive and 
refractory purposes. 

Tscheuschner in 1885 recommended the removal of iron oxide 
(limonite) from sands by sprinkling 64 parts of sand with 8 parts 
of a solution of 3 parts of salt, and 2 parts of concentrated sulphuric 
acid and 3 parts of water. The mixture is heated to redness. The 
product is treated with water and the iron removed in solution as 
a chloride. J. G. A. Rhodin in 1914 patented a simplification of 
this process, which consists in heating the sand with 2| per cent of 
common salt to a red heat, and afterwards lixiviating with water. 
Both Tscheuschner and Rhodin ’s processes are expensive, and are 
seldom used, as sufficiently pure natural sands can be obtained 
cheaply. 

Nitre cake has been used quite satisfactorily for cleaning glass 
sands, and is also used for purifying artificial corundum sands. 
The same process may be carried out by using sodium hydro- 
sulphide at a lower temperature. 

Almost the only sands which are chemically purified on a large 
scale are those used for making optical glass, as the methods of 
purification are costly and can only be used in special cases. 

CALCINATION OR BURNING OF SANDS AND 
SAND-ROCKS 

Sandy materials are sometimes calcined in order to improve 
their quality, or for some special purpose in connection with their 
use. Thus, kieselguhr is sometimes calcined in order to burn off 
any carbonaceous matter which may be present, and to leave a 
white, or nearly white, kieselguhr. 

Sandstones and silica rocks are sometimes calcined or burned 
in order to render crushing easier, and also (where they are to be 
used in the manufacture' of silica bricks) to change the silica into 
tridymite and cristobalite (p. 226). 

Glass sands are also improved by burning, as this treatment 
drives off any water present, as well as organic matter, and so 
improves the colour of the glass. 

Dirt and coal may be included or mixed with sands during 
transport, but may be largely removed by careful burning. This 
is specially necessary in the case of sands for the manufacture of 
optical glass, as they need to be very pure. 

Some sands become darker when burned ; this is due to the 
oxidation of the iron present and the consequent production of the 
red colour characteristic of ferric oxide, or of the darker ferrous 
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silicate if the burning has been effected with an insufficient amount 
of air. Several British sands darken in this way, some pure white 
sands becoming grey or pinkish in colour, though the purest sands, 
such as the glass sands of Aylesbury, Godstone, and Reigate, remain 
pure white after burning, as do also selected portions of the sand 
from Muckish Mountain, Co. Donegal, Ireland, and that from 
Abergele. Glacial sands usually darken considerably when they 
are burned. 

Some of the pure white sand- 
stones of the Carboniferous age, 
such as that found at Guiseley, are 
unaffected in colour by burning. 

The kilns employed for calcin- 
ing sand and sand-rocks depend 
largely on the nature of the 
materials. In the case of sand- 
rocks, in which the pieces of 
material are comparatively large 
and hard, a shaft kiln may be 
employed. This type of kiln (Tig. 

127) consists of an upright column 
or shaft into which the material is 
fed from above, and passes out at, 
or near, the ground level. The 
fuel for burning the material may 
be mixed with the stone — alternate 
layers of fuel and stone being 
placed in the kiln, or the fuel may 
be burned in a number of fire- 
places or burners so that only the 
products of combustion pass into 
the kiln. The former method is 
seldom employed, the latter being 
much more satisfactory, especially 
if producer-gas is used as fuel, as 
there is practically no contamina- 
tion of the sand by the ash from 
the fuel. 

Shaft kilns may be worked either intermittently or contin- 
uously ; in the former, each filling of the kiln constitutes a 
separate operation, whilst in the latter, the materials may be 
continuously fed into and drawn from the kiln. Intermittent 
kilns are only employed for small outputs and are not usually 
built more than 10 ft. in diameter at the top, and 5 ft. at the 
bottom, and 20 ft. high. Continuous shaft kilns may be up to 
60 ft. high, from the feed-hole at the top to the draw-hole near 
the bottom. 

Whilst a shaft kiln is simple in construction and economical in 
fuel, if properly controlled, it has several disadvantages which may 
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h<‘ by carrfid 1lu‘ principal 

(iisad VMiiit aii’CH an* : 

1. I'hc kiln is liabh* to bccoitic choked, with flic result that th(‘ 

firinc In irrcoalar. I'his can, to some cxfiait, be avoicfial 
by lilmvin^ air thnmgli the material daring tlie bundnyc 

2, The lH‘atin^ may lx* im%mlar unless the tiremaii is bidh 

skilftd and c*onst‘ientiims. 

2, A shaft kiln is not suit able for materia! eontaininij: much 
powiier, as it then <*htd%es too easily. 

Single-chamber kilns are sometimes employed for ealeiidn|f 
bio(*k.s of mat (‘rial, sneh as Handstones, .«i!iea rocks, etc., vvldeli do 
imt fall to powder uia*n bui'iied, A >in|ile kiln eiaisisfit of a brick- 
work chamber round the bane of winch tireboxes are pbaeed, so that 



the- produc'ts of ('ombustion from the fuel ent«*r the «’hani!iei% pasH 
through the material stacked in the kiln, and eseape tc» a ehimnev or 
are drawn out by means of a fan. Hueli kilns may be either eireidar 
or retdangiilar. and the gases may pass in either an upward cir 
dow’nwani dinadiom The advantage f»f tipoiratighf kilus is that 
they an^ very simple in chesign and are easily repainal. !mt they 
have the dinadvanlage of being wasteful in fuel, an the gaseH pass 
to the eluumey Indore the iteaf in them lias been fullx uliliseii. 

In dowmdraughi kilns (Fig. l2Hb the gases friuii the firefioxes 
arc* first. paHHcai up to the* top of the kiln, tlirfuigh vertieal fliieH 
tiTined hmjH, and are tlien drawn down through the niateriid in the 
kiln and out through a |)erforated fh*or into flues whieh are eoiineeted 
to a ehiiiiney or fan. In this tx'pe of kiln, the dlslanee triivelled 
by the* giiHes in V(*ry great, and I’oirHequeuifiy tlic* lieiif is ntc#re fully 
iitiliaed than in an up-draught, kiln. Dmvrodraugfit kilris are, 
howevcT, more <*oinplieated in c’oristrm'ticau and I'oriseijiaently reifuire 
niorc^ skill in tine and mairiit<*nrtnc*e. 

In Home reetangular ningle kilns, thi* fires an* plac-ed a| one 
and the ehiinnc‘y at the nlht*r, th.e gases then travelling eliiefly in a 
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horizontal direction. Such kilns with a horizontal draught are 
frequently known as Newcastle kilns. 

Continuous-chamber kilns are sometimes employed for the same 
purposes as single kilns, but they have the advantage of utilising 
the heat in the gases more fuDy and so are cheaper to operate. A 
continuous kiln consists of a number of single kilns either of the 
up-draught or down-draught type, and, in some cases, of the hori- 
zontal draught type, connected together, so that the waste gases 
from one kiln or chamber, instead of passing to the chimney, are 
discharged into the next chamber, and then into the next, and so 
on, until the heat in them is fully utilised, when the gases are 
allowed to pass into the chimney and escape. By building several 
chambers or kilns together in this way the cost of budding is con- 
siderably reduced, and the fuel consumption is less than hali that of 
each separate lain. 

The difficulty of choking is also present in this type of kiln, and 



Fig. 129. — Section of gas-fired reverberatory furnace. 


materials which are likely to fall on burning should not be fired in 
them. Continuous kilns are only suitable for outputs of 30-40 tons 
of rock per day. 

Reverberatory furnaces (Fig. 129) are used for calcining metal- 
liferous sands, chiefly in order to extract from them any metal they 
contain. A reverberatory furnace consists of a long hearth in 
which the material to be heated is placed ; at one end of the 
furnace is a firebox and at the other a chimney. The products of 
combustion from the firebox pass over the material on the hearth, 
heating it in their passage, and finally passing away through the 
chimney at the opposite end. The arch of the furnace is built so 
as to reflect the heat down on to the material and so secure efiective 
and uniforni heating. In some cases, the hearth is heated from 
below as well as from above ; this method effects a saving in fuel. 

Roasting furnaces are used for treating metalliferous sands 
chiefly as a preliminary to the recovery of any metal they contain. 
In the hand-operated type, the furnaces consist of a number of 
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about equal proportions of silica and alumina, made of a mixture 
of fireclay and bauxite. The kiln is usually supported on two or 
three pairs of roller -bearings, placed at a convenient distance apart; 
and is driven by a. toothed wheel surrounding the cylinder and 
actuated by a worm wheel driven by means of a suitable reduction 
gearing. The speed of rotation varies from 20-60 revs, per hour. 

The fuel generally used for such rotary kilns is a fine bituminous 
coal-dust, though natural gas, producer-gas, and petroleum are 
used to some extent. The coal is thoroughly dried and ground 
so as to leave only about 15 per cent on a sieve having 180 meshes 
per linear inch. The powdered coal is conveyed to hoppers and 
is introduced into the Min at a regular speed. A blast of hot air 
drives it into the Min and ensures its rapid combustion. As the 
coal is very finely divided it is completely burnt, and does not 
injure the material wMch is being heated, except in so far as con- 
tamination of the latter by fuel-ash is harmful. 

At the discharge end of the kiln, a cooler, which usually consists 
of an inclined rotating drum, is fitted to cool the material before 
it is discharged ; if desired, water may be used to sprinMe on the^ 
material and so cool it more rapidly. 

Rotary kilns are quite continuous and very economical in fuel 
and labour. They can only be used, however, where a very large 
output is required, as rotary kilns with small outputs are not 
economical. The cost of installation is very high, and this also 
necessitates a large output. Unlike the other Mins mentioned, 
rotary kilns are only suitable for powdered materials ; large pieces 
are imperfectly burned. 

The calcination or burning of sands and sand-rocks may be 
carried out in either an oxidising or reducing atmosphere, according 
to local requirements. Sand-rocks such as sandstones, quartzites, 
etc., which are heated to convert them into tridymite and cristobahte, 
or which are heated to render them easier to crush, also glass sands, 
kieselguhr, etc., are calcined in an ordinary oxidising atmosphere. 
Metalliferous sands may, in some cases, be heated in an oxidising 
atmosphere, but in others a reducing flame is necessary ; the 
particular conditions must be adapted to the needs of the material 
being heated. 

The temperature and duration of heating depends on the 
purpose of the calcination. Where a sandstone is calcined to 
render crushing easier, a temperature of 900°- 1000° C. is all that is 
necessary, but where it is desired to convert silica into tridymite 
and cristobahte, a much higher temperature- — about 1400° C. — is 
required, and the heating must be continued for a very long time, 
whereas in the first case it is merely necessary to heat up and then 
cool quicMy, if necessary by quencMng the material in water. 
Where it is merely desired to drive off any carbonaceous matter 
wMch may he present, a temperature of 900°- 1000° C. is generally 
sufficient, provided an ample supply of air is passed through the 
Min. 
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For roasting metalliferous sands, the temperature depends on 
the nature of the metal and the change which it is desired the 
heating should effect. When the metallic compounds are to be 
reduced and the crude metal extracted from the sands, a highly 
reducing atmosphere is essential, and usually the sand must be 
mixed with coke, charcoal, or other reducing agent, prior to its 
entering the furnace. A shaft kiln (known in this case as a blast 
furnace ”) or reverberatory furnace is usually employed for this 
purpose, the molten metal being run off through a tap-hole in the 
side of the furnace. It is not usually economical to treat crude 
sands in this manner ; the desirable mineral in them is usually 
separated by a process of concentration, and the rich ore so produced 
may then be smelted by one of the processes ordinarily used for 
rich materials. 


CHAPTER X 

SIZING OR GRADING SANDS 


Sizing or grading is the process of dividing a sand into particles 
of various sizes. It should seldom be omitted, no matter what 
may be the purpose for which a sand is to be used, though in some 
cases a partial grading is sufficient. In the most primitive cases, 
grading is used to separate small grains of sand from pebbles, 
gravel, ffints, or from other relatively large pieces of undesirable 
matter. In other works, it is used as a means of separating grains 
of desired sizes from the rest. In the case of placer sands, which 
contain particles of valuable metals or ores, sizing is necessary 
in order that the classifiers may work to the best advantage. 

A perfectly graded sand will contain no grains larger or smaller 
than those specified, but perfect grading is seldom attained and 
would, in most cases, be prohibitive as regards cost. Consequently, 
the grading is usually effected within fairly wide limits, the selected 
grades depending on the particular purpose for which the sand is 
to be used. A very convenient series of grades, used for many 
years by the author, is shovm on p. 249. 

A series of grades proposed by Boswell is shown on p. 211, 
that proposed by T. W. Taylor is shown on p. 248, whilst 
other series of grades have been proposed by Seger (p. 211) 
and Mellor (p. 211). Unfortunately there is no generally accepted 
standard series of grades, but if wherever possible the I.M.M. 
standard sieves (p. 247) were used, the need for a standard grading 
figures would be less marked. Accurate standard screens are by 
no means necessary for use on a large scale, but the product from 
the screens actually employed should be tested with standard 
sieves from time to time so as to ensure its general conformity 
to requirements. The use of standard sieves for this purpose 
has been described on p. 246. 

The separation of the sand into particles of various sizes may 
be made with either wet or dry sand according to convenience. 
Where the material has to be washed as well as sifted, it is usually 
easier to sift it in the wet state, but sands which are merely damp, 
yet do not require to be washed, should usually be dried before 
being graded. 
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•112 S(1U0Iv\IX(J OH SIKTIXU 

Sizing or may la* oflVct cal fjy thn*«* prinri|>al iiii-tlinds, 

naaiM'ly : 

{(i) Scn*ciun|4 or .sift in^ t I h* wet or dry malfrial. 

(h) Water |i;ra(liii^. 

(r) Air s(*| juration. 

Th«‘ first nu*ntion(‘d is g(*nerally ii.H(*d for tlu* ronipanif ively 
(‘(ja.rs(‘ jyjrains, whilst tin* last two are iLsf*d for the tin«‘r ^O’aiiis uliieli 
cannot, la* convc‘ni(*ntly .scparatjsl ijy sicvi*s or screens. 


StilKKNlXc; OR SIFnXtJ 

Scrcenin|f or sifting is tlu* |»roe(*.sH usually etiiployerl fer separating 
intcj difTcrent sizes all sandvS with particles coarser than in. 

dianu'ter. (h’airts which are finer than this cannot he cf aivcnicntly 
Hiev(‘d l)ut imist hr* <’lassificd by iiicans (»f eithi‘r wfitcr m* Jtir. 

S(*re(*nH or sieves are of various kinds, the principal «»n«*s being : 

(1) Fixed wree/nv, which may he (a) fiat, (6) c«»nieab or 

(r) eylindn<*al. 

( 2 ) Mfwnhie ^ereert^, which may he {a} reciprocating, iff} rotary, 

<jr (r) sieve-c'onveyorH, 

Tlu* bTtns tisial to dc*H<*rihe HCT«*eim are rather loosely applied. 
Riddles are very (’oarse H(*r<‘ens. A mere or nereen nmy be regardf*d 
as a ridiile haviiig rtuaierately fine (»|>enings, whilst a fmm is a very 
firu* H{*r(*c*n, having HMf to alMaif holes pi*r linear inch. These 
t(‘nnH an* not standardised, h(»wev(*r, and tlu* tf*rin sievf* '* nmy 
b(* applical tf> a “lawn,” whilst tlu* tertn “wreen*' is oflen used 
for a “ riddh*/* and rirr rrrm. 

Fixed flat screens (’onsi.st, usually, of a flat surfac-e, or «hef*t 
c^ompom^d either of a rneshwfjrk of wires, a mniiber of sfraighf 
win‘H (Fig. 131 ) forming long shds, or a perforated fir slottfsl iiulal 
plate*. The term “flat seretm is used even wdien the sereening 
surface is inelined, so that the material supplied to if may triivel 
down the iru*line ami ho enalile the* screen to work continuoitsly. 
P(Tfec!tly Hat se*re(*ns are only used on a eomparatividy small scale ; 
tlu\y must he <*mpiie(i {XTiodieally, or they will bf*coine fillral math 
<*.oam^ material w’hieh wail not pass through their iipfu 1 urf*H. 

Whi*n the sereen <»r sieve is luirizontal it may be held in tlie 
hand, or more <'onvi*nientIv% it may be supported on fw'o sfr«mg 
bars. A suitable ouantity of I lie sand in then pliu'eil in the sieve 
and thc^ latt<*r is sfiaken or rnoveil haekw-'unls and forwitnis mt m 
to aid the smaller partieif*H in passing through it. Somelitiies 
it is more*, convenient to keefi the sieve stiiiioriary and to rub if.s 
C()ntentH gcmtly until all the partic’les whi(*h i*an do so liave pansed 
through the sieve. Hiu’h sif.*vr*H are only suitiible for a small «ait jait, 
and their use is often tedious. 

When an inelined sereem or sieve is used, the eriished stone or 
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sand is supplied to the upper end of it in a uniform manner across 
the whole width of the screen and slides down it, the jSner particles 
passing through the meshes or perforations of the sieve whilst the 
coarse particles which will not pass through fall off at the lower 
end as “ tailings.” The screen must, of course, he of sufficient 
length (or a series of screens must he used) to ensure that all the 
smaller particles are separated. Many inclined screens are too 
short and too steeply inclined to do their work properly, with the 
result that a very imperfect separation is effected. 

It must he clearly understood that with an inclined screen 
the largest particles passing through it wdll not correspond to the 
mesh or perforations of the screen, hut will be the '' projection ” 
of such apertures on to a horizontal plane. Thus, if the screen 



C. Whittaker <& Co., Ltd., Accrington, 
Fig. 131. — Piano-wire screen (see p. 446). 


were a sheet of steel, with holes ^ in. diameter, inclined at an angle 
of 45 degrees, the effective size of its perforations would be 0*0875 in. 
or about three-quarters of the apparent aperture. Owing, however, 
to the rate at which the particles slide over a sheet of smooth 
metal inclined at such an angle, most of the particles will he less 
than in. diameter. Hence, the actual size of the particles 
separated can only be found by trial, as it depends on the inclination 
of the sieve and the speed at which the material travels over its 
surface. In order to prevent the material from passing too rapidly 
over the sieve, it is sometimes desirable to make the sieve in two 
or more parts — one sloping at a fairly steep angle and the others 
at a smaller angle. By doing this, the speed of the material is 
lessened by the baffling action of the later slopes. The same 
effect may sometimes be obtained by arranging small baffles across 
the surface of the sieve, which arrest the speed of the material 
to some extent, and so render the screening more efficient. 
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The efficiency of a flat or inclined sieve also depends on the 
kind of material to be screened. Where this contains a large 
variety of sizes, it is more diflicult to obtain a good separation, 
as the smaller particles become mixed with the larger ones and are 
not sufficiently separated in the short time during which the material 
passes over the screen. When most of the particles are of a size 
which will pass through the screen and only a small proportion 
are larger, the separation is much more efficient. 

Coarse material may be more efficiently screened than fine, 
as the holes, being larger, are less likely to become clogged. The 
kind of apertures employed is also very important ; they may be 
formed by either (a) wire gauze, (b) parallel wires, or (c) as perfora- 
tions in a plate of steel or other material. 

Gauze or mesh-cloth is not usually satisfactory for a fixed sieve, 
unless some means is employed for vibrating it so as to prevent 
the clogging of the holes. When a suitable vibrating arrangement 
is provided, gauze is very satisfactory for comparatively fine 
particles. It is unsuitable for very coarse screening on account 
of its lack of strength. Gauze sieves are designated by numbers 
which, in this country, state the number of apertures per linear 
inch. Thus, a No. 24 sieve has 24 holes per linear inch, or 576 holes 
per sq. in. On the Continent it is more usual to specify the number 
of holes per sq. cm. Such Continental designations may be con- 
verted into the corresponding numbers by multiplying the square 
root of the Continental figure by 2J. Thus, a Continental sieve 
designated as 4900-mesh, i.e. having 4900 holes per sq. cm., will 
correspond to 70 x2|-, or 175 in the English standard, and will be 
equivalent to a No. 175 English sieve. Conversely, an English 
No. 25 sieve would correspond to (25-^2J)^ or to a No. 100 Con- 
tinental sieve. 

Some Continental manufacturers designate their sieves by 
numbers which correspond roughly but not accurately to the 
English ones. 

Table LXXIV. gives various figures which may be used in 
comparing sieves designated in different ways. 


Table LXXIV. — Numbers and Meshes oe Sieves 


Sieve Xo. 

Meshes per 
Linear Inch. 

Meshes per 

Sq. In. 

Meshes per Cm. 

Meshes per 

Sq. Cm. 

30 

30 

900 

12 

144 

60 

60 

3,600 

24 

576 

90 

90 

8,100 

36 

1296 

100 

100 

10,100 

40 

1600 

120 

120 

14,400 

48 

2304 

150 

150 

22,500 

60 

3600 

200 

200 

40,000 

80 

6400 


A difficulty experienced in connection with sieves designated in 
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one of the afore-mentioned ways is that it is not possible to tell 
what sized apertures they contain, as this depends on the thickness 
of the wires used. To overcome this, a series of standard sieves 
have been prepared by the Institute of Mining and Metallurgy in 
which all the apertures are the same diameter as the wires. In 
the United States a different standard is, unfortunately, used, and 
tends to cause confusion when British and American results are 
compared. The English Standard sieves and screens are shown in 
Table L. on p. 247. 

When gauze or silk is used, the wires or threads tend to stretch 
and to sag, and are liable to be forced apart, thus allowing larger 
particles to pass between them. It is, therefore, important that 
the size of the particles passing the sieve should be tested periodic- 
ally so as to ensure that the sieve is in proper working order. When 
larger particles are found, the mesh of the sieve should be carefully 
examined, and the defect repaired. The gauze may be made of 
iron, steel, brass, bronze, or less frequently copper. Lawns ” are 
usually made of silk ; they are too delicate to be used on a very 
large scale. The non-ferrous metals may be used for very fine 
screens and where it is desired to avoid contamination by iron. 
Phosphor-bronze is largely used for the finer sieves, on account of 
its hardness and toughness. 

Small sieves may be made in one piece, but larger ones are 
usually in sections, each mounted on a suitable frame and fixed 
into the screen framework. By dividing the gauze into sections 
repairs are facilitated, no unnecessary waste of gauze occurs, and 
replacements can readily be made. If the screens are properly 
designed a defective piece should be removed and replaced by a 
sound one in the course of two or three minutes. This is very 
important, as it reduces the time lost by the stoppage of the 
apparatus to a minimum. 

Another reason for using moderately small frames is that unless 
the gauze is tight it is impossible to vibrate it properly, and tight 
gauze cannot be obtained in a large frame owing to the tendency 
of the cloth to sag. Screen frames measuring 6 ft. by 4 ft. are 
about the maximum size which gives the most convenient handling 
with ease of replacement and low cost of repairs. It is also desir- 
able that the frames should be sufficiently small to enable the 
required tension in the gauze to be obtained without straining it, 
because it is very important that the screening surface should be 
taut so as to give a good separation ; 40 per cent or more of the 
fine material may be left in the taihngs through a screen not being 
suificiently taut. As the wire is certain to stretch in use, some 
means should be provided for tightening the gauze from time to 
time. 

For further information see p. 448. 

Parallel bars and wires are used for screens or riddles where the 
particles are globular or free from flakes or long thin pieces. 
“ Grids ” or gratings composed of a series of parallel bars with a 
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definite space between them are excellent for separating pebbles 
and other coarse particles, but they are seldom efficient if the spaces 
between the bars are less than in. wide. The largest grids are 
often known as ‘^grizzlies,” and they are chiefly used to separate 
small stones or gravel from sand, or the small pieces of rock from 
that which requires to be crushed. Being very strong, they are 
not damaged by tipping a wagon- or truck-load of material on to 
them, so they form an effective feeding device for other machines. 

Bar-riddles or grids may be either horizontal or sloping according 
to the conditions under which they are used. If sloping, the 
inclination should be slight — seldom exceeding 30 degrees, or the 
material will pass along too rapidly for it to be properly screened, 
though for damp sand an almost vertical riddle is often used, the 
material being thrown against it with considerable force. 

The bars may be made of iron, steel, or wood. They may be 
round, square, rectangular, or triangular in section, the last-named 
being best as regards preventing the particles becoming fixed 
between the bars, but not as durable as square or rectangular 
bars. Round bars are objectionable, as they are closer together at 
their diameter than on the surface of the grid, and thus tend to 
cause an excessive proportion of wedged pieces, which are often 
difficult to remove. 

The bars may be of any convenient length. Such grids are 
often 8 or 12 ft. long and usually about 4 ft. wide, though there is 
really no limit to either their length or width, as they can be built 
in sections to ensure the requisite strength. 

Eor separating particles less than ^-in. diameter parallel wires 
are preferable to bars. If such wires are fixed without any 
appreciable tension, they are satisfactory for light work and for 
hand-riddling, but not for continuous work. For the latter, the 
wires should be stretched by tension keys, as in a pianoforte : 
hence the term “ piano-wire ” screens. Parallel wires, arranged 
along the length of the sieve and sometimes strengthened by a few 
cross wires, sieve more rapidly and readily than gauze sieves. 
They have the disadvantage that if a long thin particle falls on to 
the screen it may pass between the wires, whereas it could not pass 
through a gauze screen of the same mesh, as the cross wires would 
stop it. This, however, does not often happen in screening a 
material such as sand and crushed rock, as the particles are in most 
cases fairly cubical. A further difficulty encountered with screens 
having only parallel wires is that a large particle may force the 
wires apart and then allow other larger particles to pass through 
the opening so created. This defect cannot be wholly avoided, 
but it can be minimised by keeping the wires taut, so as to allow 
as little movement as possible, and by inspecting the screen 
frequently ; it does not occur with gauze screens. 

Screens with parallel wires and no cross ones have a tendency 
to cause the material to race too rapidly over them and thus prevent 
an efficient separation of the particles. This may be minimised by 
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reducing the inclination or slope of the screen or by arranging the 
wires across the screen instead of longitudinally, thus retarding the 
flow of the materials and so effecting a sharper separation. Screens 
composed of parallel wires set closely together should usually be 
provided with some means of vibrating the wires sufficiently to 
keep them clean. If the vdres are stretched taut the movement of 
the particles may cause the requisite vibrations ; otherwise they 
may have to be produced mechanically. 

Although piano -wire screens have obvious advantages over 
those made of gauze, the risks involved in their use are sufficiently 
important to make many managers prefer gauze screens. The 
lower output of a gauze screen may easily be overcome by pro- 
viding a larger screen area, but a badly screened product containing 
particles tooTarge in size may easily cause serious financial loss to 
a firm. 

Perforated steel plates are the most convenient form of screen 
where particles between in. and 2 in. are to be separated. 
Still larger perforations can be made, but the wear and tear are so 
great that it is cheaper to pass such coarse material over a grid or 
grizzly. The shape and size of the perforations varies according 
to circumstances. Sometimes the plate is corrugated as well as 
perforated, or several plates may be arranged in steps. Slots have 
the advantage over circular perforations of offering a larger screen- 
ing surface per square yard of sheet, but are very liable to pass 
long flaky pieces which would be rejected by round holes. Conse- 
quently, it is usually better to employ the latter, though this may 
involve the use of a larger screen to produce the same area of 
apertures. 

Inclined perforated or slotted plates are so smooth that the 
material tends to race over the surface, with the result that some of 
the material fails to pass through the holes, and this must be 
allowed for in purchasing screens of this character. It is also very 
important that the angle at which the screens are placed should 
be very carefully adjusted so as to allow for its effect on the 
sand and on the rate at which the latter travels over the surface. 
Baffles, or the use of two or more screens at different angles, may 
be necessary to retard an excessive flow of material. 

The thickness or ‘‘ gauge ” of the metal used for slotted and 
perforated screens should be sufficient to give ample strength. 
Those in Table LXXV. make reasonably durable screens ; thinner 
sheets should not be used except under special circumstances. 

It has previously been pointed out (p. 443) that the largest 
particles which pass through the openings in an inclined, perforated 
sheet are much less than the openings themselves. This is due to 
the slope at which the screen is hung and must be duly allowed for 
in purchasing a screen. It is often an advantage to hang the 
sheet from four chains, by a hook at each corner of the screen ; 
this enables the inclination of the screen to be adjusted rapidly and 
easily so as to suit any variation in the material. 
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Table LXXV. — Pebeorated Sheets 


Diameter of Hole. 

Thiclcness of Sheet. 

Centre to Centre of 
Perforation. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

3/32 

0-094 

3/80 

0-037 

5/32 

0-156 

7/64 

0-109 

1/20 

0-050 

3/16 

0-187 

1/8 

0-125 

1/16 

0-062 

3/16 

0-187 

5/32 

0-156 

5/64 

0-078 

1/4 

0-250 

3/16 

0-187 

7/64 

0-109 

19/64 

0-297 

1/4 

0-250 

9/64 

0-140 

3/8 

0-375 

5/16 

0-312 

11/64 

0-172 

7/16 

0-437 

11/32 

0-344 

3/16 

0-187 

15/32 

0-468 

3/8 

0-375 

1/4 

0-250 

1/2 

0-500 

1/2 

0-500 

5/16 

0-312 

11/16 

0-688 

5/8 

0-625 

3/8 

0-375 

13/16 

0-812 

3/4 

0-750 

5/8 

0-625 

1 1/8 

1-125 

1 to 4 


3/4 

0-750 




Note. — W ith holes 1-4-in. diameter the total area of the holes should not exceed 43 ])er 
cent of the total area of the sheet, and preferably should not exceed 36 per cent, or the sheets 
will probably be too weak to be durable. If the diameter of the holes is not the same on both 
sides of the sheet, that on the lower side should be slightly the greater, so as to prevent the 
material from wedging in the holes. 


The Relative Efficiency of Horizontal and Inclined Screens. — The 

efficiency of a fixed horizontal or inclined screen depends on several 
factors, of which the most important are : 

(i.) Its length', many users employ screens which are far too 
short to ensure a good separation of the coarse and fine materials. 
This can best be ascertained by testing the tailings with a hand- 
sieve of the same apertures. In most cases, a length of not less 
than 6 ft. is necessary, though 4 ft. is more usual. Where several 
screens are employed in series at different angles, each should be 
at least 4 ft. long, 

(ii.) The inclination or slope, which must vary according to the 
type of screen used, though an angle of 45 degrees is generally 
satisfactory. If the screen is vibrated, an angle of 30 degrees with 
the horizontal wall usually suffice. 

(iii.) Smoothness of Surface. — A perforated sheet or a screen 
composed only of parallel wires wall oppose less resistance to the 
flow of the material than one with cross wires, and so will tend to 
retain in the tailings a larger proportion of fine material than will 
a gauze screen. This may usually be overcome by using a longer 
screen. The output of a gauze screen is often low because of the 
resistance caused by the cross wires, though this may be largely 
overcome by vibrating the screening surface. 

(iv.) Distribution of material on the screen ; thus, if the material 
is spread uniformly across the whole width of the screen and 
continues to be so distributed throughout its journey, the efficiency 
of the screen will be high. Many users feed the screens carelessly, 
with the result that a large proportion of the available surface is 
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not used at all. Uniformity of distribution is secured in the 
“Newaygo” screen (Sturtevant Engineering Co., Ltd., London) by 
means of a screw conveyor which discharges material over a weir 
on to the screen. In other screens baffles are used. 

(v.) The nature of the material . — Some materials are much more 
easily screened than others as the proportion of material to be 
removed often exerts a notable influence on the process. Thus, it 
is extremely difflcult to remove completely a small proportion of 
moderately fine material from a coarser one and damp material is 
more difficult to deal with than a dry one. 

(vi.) The vibratory movement of the screen. — The greatest 
efficiency is obtained from a gauze sieve or lawn when the particles 
of sand, etc., are in a rapid state of motion in an almost vertical 
direction. They should rise sufficiently above the gauze to drop 



Sturtevant Enjineering Co., Ltd., London. 
Fig. 132. — ^Newaygo screen. 


on an aperture which is not already occupied and, in the case of 
an inclined screen, should gradually pass down the inchne in a 
series of small “ hops ” over each succeeding cross-wire. With 
fixed screens, the usual method of effecting this movement is to 
vibrate or rap the screen. 

The simplest form of vibrator consists of a series of short bars 
which are attached loosely to a series of rotating discs, so that 
these bars strike on small anvils on the frame of the screen in rapid 
succession. The greater part of the vibration is absorbed by the 
frame, but sufficient movement is transmitted to the screening 
surface to ensure a reasonably high output. This method is noisy, 
destructive, and not very efficient. 

A great improvement on it is incorporated in the Newaygo 
screen (Fig. 132) in which a series of strips of metal are placed 
at regular intervals on each side of the gauze ; attached to these 
strips are a number of metal holders which project through the 
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upper casing of the screen and carry wooden pegs which act as 
anvils when struck at frequent intervals by a number of loose 
hammer-bars attached to a series of rotating shafts fitted above 
the casing. In this way, the screen is vibrated by blows delivered 
almost directly to many points on the surface at a fairly rapid 
rate and clogging is effectually prevented. The hammers and 
anvils should be arranged so as to give only a very small amplitude 
of motion to the screen, not enough to cause violent movement 
of the material, yet sufficient to free the particles and to present 
them with ample opportunities of escaping through the openings. 
Two screens, one below the other, may be vibrated simultaneously, 
but in that case the upper sieve must not be finer than about 
15 -mesh. 

What appears to be a still more effective method consists of 


W. S. Tyler Co., Cleveland, U.S.A. 
Fig. 133. — Hum-mer screen. 



several powerful electro -magnets mounted above the gauze (Fig. 133) 
which alternately attract and release strips of steel attached to 
the screening surface at a very rapid rate, in a manner precisely 
similar to the vibrations of the hammer in an electric bell, and 
keep the gauze in a state of cofi-stant vibration. The makers 
of this “ Hum-mer screen ’’ claim that the intensity of vibration 
is far greater and more effective than with hammers, that it can 
be varied at will in order to suit the material to be screened, and 
that very fittle power is required. By appl3dng an intensely 
rapid vibration direct to the gauze, the particles are constantly 
separated from each other, the larger ones helping the smaller 
particles to pass more readily through the screen, and enabling 
the screen to have a very large capacity and a very sharp separation. 
Rapid vibrations of small amphtude also j)revent the material 
jumping or bouncing on the screen and enables a smaller angle 
of inclination to be used and a sharper separation to be effected. 
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Whenever a. vibratory mechanism is used, the screen should be 
fully enclosed in a dust-proof case, or the loss of the finest material 
will be serious. 

Testing Tailings. — When a sieve or screen works perfectly, all 
the particles up to a certain desired size pass through it and the 
tailings will not contain any particles less than this size. Con- 
sequently, if the tailings were passed a second time over the sieve, 
no further material would be separated. It is practically impossible 
to secure so perfect a result on a large scale, as no sieve in the market 
has a 100 per cent efficiency. The only way to obtain the best 
possible result is to investigate several types of sieves or screens, 
vary their inclination, length, and mode of feeding, and to test 
the tailings with a hand-sieve of the same mesh or aperture. It is 
also a wise precaution to make periodically similar hand-tests 
of both tailings and screened material, so as to ensure a '' clean ” 
product, during the regular working of the plant. 

Supports for Screens. — Horizontal and inclined screens are 
often used for hand- sifting ; a flat screen is usually placed on an 
open support, such as a pair of rails, or on top of a tub, box, or bin, 
and half -filled with the material to be sifted. The screen is then 
moved backwards and forwards on its supports, or is lifted in the 
hands and shaken horizontally until it is judged that the whole 
of the fine material has been removed. With care, a highly 
efficient separation may be effected. 

An inclined screen or riddle may be set up at about 75 degrees 
or other suitable angle and the material is thrown against it ; 
the finer particles pass through, whilst the tailings fall down to the 
bottom of the screening surface. The efficiency is low, but often 
sufficiently good for the purpose, especially when the rejected 
material is rather coarse. An ordinary labourer kept supplied 
with material, and working ten hours a day, will screen 24 cu. yds. 
of sand and gravel in this way. For larger outputs, it is cheaper 
to support the inclined screen above the ground, at a slope of 
45 degrees or less, and to feed the material on to the upper end of 
the screen, so that it slides down the surface, the smaller particles 
passing through the screen and being separated in this way. 
Inclined screens are made to screen 15-20 tons per hour of sand 
of 20-mesh or 10-15 tons per hour of sand of 40-mesh. The 
supports may be of timber or iron, the latter being preferable 
as it is stronger and more durable. Chains (p. 447) are sometimes 
preferable to more rigid supports. 

Fixed Conical Screens. — Conical screens are sometimes used 
because their shape permits a larger screening area*to be employed 
within the same floor space as a horizontal or inclined screen. 
They also facilitate the delivery of the sand, etc., through a small 
spout, though, to be effective, the material must be arranged to 
flow uniformly over the surface of the screen. This is usually 
accomplished by means of adjustable baffles which guide the 
material, but in the conical screen made by the Traylor Engineering 
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the screen, whilst the larger particles pass down it and escape 
by the appropriate outlet. 

The Vicona screen (Vol. II., Fig. 10; C. E. V. Hall, Sheffield) 
consists of a conical screen mounted above a similar, but inverted, 
screen, both being mounted in such a manner that they can be 
oscillated and vibrated, by means of a shaft and cam. The 
material is fed through a hopper on to the upper conical screen ; 
the small particles pass through it and fall on to a second inverted 
conical screen, which may he either the same or a smaller mesh. 
In the former case, the material is separated into three different 
sizes each passing into a different chute. The coarse material, 
rejected by the first sieve, 
passes down the inside of the 
casing to the tailings chute ; 
the material which has passed 
through the first sieve, but is 
rejected by the second one, 
passes down an inner casing 
into the ‘^medium” chute and 
the material which has passed 
through the second sieve enters 
the fines ” chute. This type 
of sieve is very compact, yet 
has a specially large screening 
surface, and is very effective for 
all materials between I in. and 
200-mesh. 

Fixed Cylindrical Screens 

are sometimes employed. 

They consist of a cyHnder 
made of gauze or perforated 
plate mounted in an almost 
horizontal position (Fig. 135) ; 
the material is introduced .at 
one end, and is swept gradually through the cyhnder by a 
cylindrical or spiral brush mounted on a shaft which passes 
through the centre of the cylinder. The brush presses the material 
against the surface of the screen, and also gradually carries it along 
through the cylinder. Sometimes the brush is replaced by paddles 
or scrapers which are intended to serve the same purposes, but 
are less effective. Occasionally, a half -cyhnder forming a trough 
is used in connection with a brush, but the disadvantage of this 
arrangement is that it is less effective than when a complete 
cylinder is used. It is claimed that less power is required to 
propel the material through the screen by brushes or paddles 
than to vibrate the screen, but as against this the brushes wear 
away rapidly and are expensive, besides introducing bristles into 
the screened product, whilst with the finer screens the brushing 
causes a large amount of wear and tear on the screening surface. 



Fig. 135. — “ Rapid ” sifter. 
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Moving Screens or Sieves include those having three kinds of 
motion : (a) reciprocating, (b) jigging, and (c) rotary. 

Reciprocating Screens. — The simplest form of reciprocating 
screen is an ordinary flat sieve which is shaken to and fro by hand. 
This method is very tiring, and is so slow that it can only be used 
for the smallest outputs. For larger quantities, some form of 
mechanical power must be employed to create the motion. 

Power- driven reciprocating screens are usually of the flat type, 
one of the commonest patterns consisting of a horizontal screen 
or sieve (Fig. 136) moved to and fro along rails or guides by means 
of a bar having one end attached to the sieve and the other to the 



W. Gardner tfc Sons, Ltd., Gloucester. 
Fia. 136. — Reciprocating screen. 


edge of a disc mounted on a shaft, so as to form a crank. It is 
sometimes more convenient, instead of using guides, to suspend 
the screen from the roof or from a framework, the motion being 
imparted in the same manner as before. 

If desired, several sieves may be placed one above the other 
and reciprocated by a series of cranks. The finer particles from 
the upper sieves fall on to those below until they pass out into 
a suitable receiver. Such sieves must be emptied by hand unless 
they are made continuously acting by sloping them slightly and 
providing them with chutes. This method is sometimes used for 
washing and screening sand simultaneously (p. 400). 

Reciprocating sieves of this type may be of any convenient 
size. They are usually moved at the rate of 30-70 strokes per min., 
according to the nature of the material. The output of reciprocating 
sieves is rather smaller than that of rotary sieves (described later), 
but for many purposes they are useful if kept in good condition. 
The wear and tear on them is rather great on account of the 
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reciprocating movement and unless weU enclosed they are very 
dusty. When the sieves are used for washing (p. 399) the dust is, 
of course, avoided. 

It is very important to avoid wasting power by the use of an 
unnecessarily violent reciprocal movement. All that is needed is 
to cause the particles to jump upward from the screen, which then 
travels forward and backward, so that the particles when falling 
do not strike the same aperture as that from which they rose. 

Jigging Screens are a simple modification of the well-known 
jigging conveyor, which consists of a long shallow tray (Fig. 59) 


mounted on springs, and reciprocated with a slow forward move- 
ment and a rapid iDackward one. By this means, the particles 
are continually jerked upward from the tray and gradually travel 
forward along the conveyor. If the tray is perforated or fitted’^ 
with gauze, it acts as a combined conveyor and sieve (Fig. 137) ; as 
it may be made of great length, its screening efficiency is very high. 
They are usually 4-5 ft. wide, and are inclined at various angles 
up to about 18 degrees, according to the nature of the material. 
They are reciprocated at speeds up to 120 oscillations per minute, 
the stroke being usually about 5-9 in., about 2-3 h.p. being required. 
The arrangement of the supporting springs and reciprocating 
mechanism requires care and skill so as to avoid unnecessary 
vibration, and where two conveyors, one above the other, can 


Head, Wrighlmn & Co., Ltd., Thornahy-on-Tees. 
Fig. 137. — Jigging screen, or screen conveyor. 
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!h‘ cuupliMi to \hr saiiH* rrri|»n>ratiiiu (imiiM*, \utli M*paniff‘ 

cranks, iiiucli ^n-alcr durahility ciCHun-d. 

Jiir screens are lot suifahle for tine pewders as they are t(H» 
dustv, hnl they are excellent fur separufiim sand fnnn |„n’ave}. lliey 
arc costly to instal ami mm-t. therefore, he used for lari^e outpuis. 

<h-i<is or gri/.zlies may i»e ydven reci procat iii|4 nioveiiient, i-illier 
a.H a. wiioh* or hy const met in^' tlicin of loose bars am! aftacliin^^ 
alterniile bars t<) an eccentric or crank uhich flien liivcs flimii the 
rerpiisite to and fro motion. (Set* also Srrfui ^ //orv. p. -irab) 
Heciprocaling Feeder-screens arc often^ us*dul for offcciini^ a. 
rouju:h s(*paratinn (d coarse and liner matmiids {uior tn iieii\ery to 
another maelune. 'idiev may be used for a variety td ptirposen, of 
whieii only t\vo nec*d be mentioned. 

(a) Witen a mixiure cd ec»arse and line mafiuial is feri from a 
bin or crusher bv a e(»nve\or i»elt, tla* dtirabilil v of thi’' tiel! may 
be grea^tlv increased by eansin^^ the tine inatena! to reach the belt, 
first and* form a cushion vvliieh protiais if from the al^rasive 
action <d the larj/er pieces, ddiis is idbaieii \'ery ingeniously and 
<dieajdv iit an arrangement stipplied liy the »SteplH’ns« Adamson 
Muimfucttning (No. of Atirm-a. Ilk, T S A.. uhiefi consists of a belt 
c(arv(n*nr (tver which is mounted a hi»ppt*r and a rccipro«’ating grid 
grt/z/Jv. 'bhe niixed materia! fidlH on to the grate and the liner 
partadcH pass through it to the ladl, whilst tln^ larger jarees jaisH 
ahaig 1t» the etn! of tfte grate and fall «ai to the cushion of liner 
material on the l»elt . 

(h) When it is neecsHiiry to erusli a niafi^riii! eonlaiiiing ide«*eH 
(d Hcvernl dith-rent^ si/.i^s* it in ia‘onomieal to screen it roughly so 
that the Hinaller pieccH (which *lo md reipure erusliing) do not 
enti'f t lu‘ erusiier, This arrangement somtiiines periitilM a Hiiiiiller 
(•rusher tc^ he used, ami it Hhva\s results in a leaving in pouer. t hie 
td the monk elli-etive screens* for this pur|»ose is a reel proeat iiig 
graii^ whieii Himultanefmsiy acts as a feetier (Fig. 7tt|. 1 in* inixed 

maierial falls from a hopper on to the reriproeaf ing grate, llu* liner 
nifiteriiil which tioen md rm|uire enishing falling through iiilfi a 
chute which delivern it- below the erushing rolls, Ha* coiir«e 
iiiadefiai panHCs along the grate, fiilis into 1111 * crushi'r, ami eveiii' 
ually jrdna that which lum previoirsly falli*ti througli the grille. 

Hevolving Sertens give the largcHl output of all mt fur m iiiiiteriitl 
larger than ‘ilbnicHh and Ichh titan 4 mesh is eonerrmak. For finer 
materiiilH, inclined vibrated acu’eenw, nn already ilesmbed. are 
prrderahle, 

Ii<*v<dving or rotary Hcreenn eonsist eshenfiidly of cyliiiderfi, 
polygouH, or ef men eoMHt meted of longifmliniil bars on emidrarries, 
prudtmrted at eel -plates, or metal giitr/.e riioinited on wnodim or iiietiil 
wrpportH. The Hcreenn are rotated al a imtil**rate speeik I1uwe 
with longitudinal barn are H|M*eially suitabli* for very cfiarse wreen- 
ing, tin* bara being placed }-A in. afwii. and are particularly iiwd 
for luuivy work whhdi would cause exc*csHive wear on c»flirr rotiiry 

• KCTeeUH. 
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Rotary Hvrvinm with {jorforatcd phitoH arc u.sed for Hcparatiiig 
piaocH from ^ to 4 in. diajn(‘t(‘r ; they arc not wholly Hatisfa(dory for 
inorc‘ tlnin 2-2^ in. diamet(T. 

Rotary scrcaniH fitt(‘d with gauzt‘ ar(‘ Kiiitabhi for separating the 
lincHi parti<*IcH and all thos(‘ up to .] in. diameter, though for holes 
incu’c* than i in. diauKdeu* a perforated shec^t is much stronger than 
wire gau'/c*. 

The un.sereened sand is supj)li(‘d to on(‘ end of the se,reen which 
is given a slight inclination, so that, as it rotatc^s, the coarser 
inat(*rial is earihni through it, whilst the finer particles |)ass through 
thc‘ peidoratitiUH or the* ni(*sh. 

The Hiinpi(\st huan of r<‘volving or rotating screen is a cylinder of 
perforated nudal (Fig. inountcHl on an intcaaial shaft by imuins of 
rihs which f(?rm two or inon^ “ spiders.” Nearly as simple, but having 
wn'cTai iinjHulant advantage's, is a |)olygonal setnaai (Fig. 12h) with 
liv(% six, or (*ight sides (usually six) (constructed in a similar manner 



/‘Jilffur Allen <e (■«., I Ad., Sheffield, 

Fro. 138. Rotary scrccm. 

tf) flic (’ylindrieal screen. Th(c hexagonal scTiccais ares rathcer morci 
expensive? in first (cost, but they have? a slightly largcvr screening 
surfac?4‘ for the? Hame “ dianuiter,” th(‘ shape* inetrease^s the? “ tumbling 
effect ” on the? material and so ine;n‘as(‘H the? output to a small 
exteuit. ; rc*|)airH arc? made? much more? rapidly as wc?ll as more? 
efjeafdy. If a (‘ylineirieal s(?re*(‘n is broke?n, the? r(?[)air (apart from 
a ” patc?h ”) is exteuiKivcN but with a polygonal Hi(?v(? it is rn(?r(?ly 
neecHsary iu reunove? erne side* and re‘place? it by a n(?w one? ; this is 
effeeteHrmueh more rapidly than the* repair of a (?ylindr*ieal siewe?. 
Hii.H is a maitcT ed gre^at irn{Krrtane'e? on a busy day, as the? Hi(?vc? 
rieenl only he* Hto|rpe*d for a fe*w minuU?s in oreh?r to atta(?h a n(?w 
frame*, wheTeais a cylindricail Hie?ve? must some?tim(?H he? Htopp(?d for 
Hf‘veral liearrH in order that erne* see*tion may he^ tak(*n off and r(?|)la(?(?ei 
by a mnv erne. \Vhe*n a e?ylindrieai sere?e?n is made? in se‘(?tionH whi(;h 
can cpiicdily he? replaceal," the* ohjeection just m(*ntion(?el is large?ly 
edndated arid the* advantage* of the* eyliridrie?al form - whie?h involvc*H 
less wear and tear cm the* HC‘ree*n is ma.intain(?d. A e.ylinelri(‘.aJ 
Hen*en niade* in erne? pi<*ec? may be: ednaipe*!* in first (?oHt, but afte?r 
seve*rnl ve*ars of rough usage? it will he* found to have? e?oHt more? in 



,,r.s ItKVOLVIXC sritKKNS 

irpnirs and Inss Uiri.u^'li Mi.itiaiui-s (hitti n si-r<-.-n ..f th.' m/..’ 

inadr in Htutni>I<- Hfctions. i -i s 

Instead of mounting the <-yHnder or polyaoti, as de« rihed on a 
sliaft running thnanjli tin* eentre. it may he tiff'd with a Imideii.'d 
steel rinsj with a spur wheel MteariiiK and rotated on external rollerH. 
Tins method is Wetter in several resiM'ets. uiul enahles the interior 
of the eviinder to he perfeetly .dear, thus i-iviiit; iiior.' spa. e as well 
as avoidint; the wear and tear on th.' shaft, hxterna .invmi; of 
this iyiie is us.-d ehieliy for the heaviest serei-iiH. the liyht.T om-s 


being nuninted on a. I'eiilral shaft, or (as in the rotary .M-reens 
made by Ord & Madilison, Lid., Kig. 1 Itt) mispeiided from wvera 
pulleys whieh, in revolving, turn the sereeri at the desired rate ntid 
ensun. a very free and easy drive. A similar arrangement is 
employed in the sereeus supplied hy VV, A. Hiseox. Lfii , Lerby, 
Hereisiis whieh an* not too large may be tilted with a dine or eajt at 
one eml ; this eonstitutes the only mounting neeessary. The eaf» 
is littetl to the end of a hori'/.otilal shaft whieh. in rolafing. eaiises 

the Hereon to rotate at the Kiuiii* rate (sr-e Kig. 141). 

Conical Hotnry Scremfi are simihir to the ones jiisf deHerifwd. 
but arc of a eonieal inst<‘ad of a eylindrieal shajM* (Fig. I ll ) : the 
shaft being quite horizontal lUiikeH driving easier than is the ease 
with inclined eylindrieal seniens having an intermediate sha{«% 


Pttfhr, Wmd-c-f d' 
Kki. VM^, N’riT’ii. 
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The material is delivered through a chute to the smaU end of the 
screen and the tailings are discharged from the larger end. The 
greater perimeter of the larger end gives a more rapid rate of travel 
to the coarser pieces, thus freeing them more readily from the 
smaller ones and ensuring a somewhat better separation. The 



Ord & Maddisoii; Ltd., Darlmqtoyi. 
Fig. 140. — Suspended rotary screen. 


conical shape of the screen and the fact that a horizontal shaft is 
used, also effect a saving in weight, reduce the amount of head- 
room, and greatly simplify the arrangement, especially if an elevator 
is used to feed the screens. In a cylindrical screen the elevator 
head must be mounted separately, but with a conical screen it can 
be mounted on the same shaft, thus simplifying the drive very 
considerably. 

In some cases, in order to reduce the wear and tear caused by 
the fall of the material from the chute, a small screen is placed 
inside the larger one (Fig. 141), the material falling into this small 



Stephens Adamson Co., Aurora^ U.S.A. 
Fig. 141. — Gilbert conical screen. 


receiver and then, at a much lower velocit^^, into the screen itself. 
In other cases several screens of different mesh can be arranged 
concentrically. In. another type a number of conical screens are 
fitted on one shaft, the small end of one screen projecting into the 
large end of the next one. The material is fed in at the upper end 
of the first screen and is discharged progressively through the 
narrow end of one sieve into the large end of the next, and so on 
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through the series. An arrangement of this kind is sometimes used 



fitted mth a grid N to take out the sand, which is instai^ly P^sed 
fn the in cone B into the enlarged screen D, without 

tL4: with the larger stones, thus ensuring perfect scr®enmg^ 

FikrtToZ^ hWe-rrr rs 

JStt Jre^rel^t— 

£ll into a second cylin^Mcal screen ^ 

series Se of hfxagonal shape being generally 

are preferable to conical screens for the same reasons that straigh 
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hexagonal screens are preferable to cylindrical ones (see p. 457). 
Hexagonal screens are mounted in the same manner as conical 
ones, and are used for the same purposes. 

Vibrating Revolving Screens . — ^When damp or adhesive sands are 
screened on a rotary screen, the latter may be vibrated by means 
similar to those employed for fixed screens. The most usual 
device is a loosely pivoted hammer-bar, so placed that it rests on a 
steel band surrounding the screen and fitted with four small pro- 
jections or anvils.” As the screen revolves, the hammer-bar is 
lifted by the anvils and then falls on to the screen-band, causing 
the screen to vibrate. This arrangement is very noisy in action, but 
is fairly effective. Several similar bars may be used on the same 
screen if desired. The vibration is intensified if the screen is 
suspended from chains (Fig. 140) instead of being mounted on a 
central shaft. 

Multiple Screens are those which can separate a mixed material 
successively into particles of several distinct grades or sizes. The 
simplest form is a long sloping sheet of metal composed of several 
sections each perforated with holes of a different size, but rotating 
screens can be arranged in the same manner and to great advantage. 
The section with the smallest sized holes is nearest the top of the 
screen and that with the largest holes is at the lower end, the 
intermediate sections being arranged progressively according to 
the sizes of the holes. Thus, if there are six sections, the material 
would be separated into seven grades, namely one for each section 
and the tailings which are passed over the end of the screen. 

It is more usual to employ rotary screens (Fig. 138) than flat 
ones for multiple work on account of their larger output. It is even 
more important with multiple screens than with single ones that each 
section of the screen should be of sufficient length to effect a com- 
plete removal of all the particles it is intended should pass through 
it. A common mistake is to have the sections too short, with the 
result that the materials are imperfectly separated. The most 
generally satisfactory length of each section is 6 ft. 

Various other forms of multiple screens are also in regular use. 
For instance, the screens may be quite separate, but so placed as 
to deliver their products to one another. This is the case when 
several conical screens are mounted on the same shaft (Fig. 103). 
Another and very important form of multiple screen is described in 
the next section. 

Concentric Screens. — Instead of employing separate screens in 
series, it is often better to arrange them concentrically — ^inside one 
another (Fig. 143) — and to drive them by means of a common 
shaft. The coarsest screen is placed on the inside and the finest 
on the outside, the material being fed on the coarsest screen first. 
Fig. 144 shows a screen of this type in which the screen plates 
have been partly removed so as to show the facility with which 
they can be replaced when damaged. The advantages of con- 
centric screens are : 
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(i.) Much of the wear and tear of the screens is confined to the 
coarsest . one— which is the strongest — whereas in most other 
arrangements the wear is greatest on the finest screen, which is 
least able to withstand it. 

(ii.) The arrangement is very compact and requires a minimum 
of space. 

(iii.) The arrangement is very economical in power. 



J. <& F. Poole, Ltd., Eayle. 


Fig. 143. — Concentric screens. 

Another multiple screen which is very commonly used consists 
of an ordinary revolving cylinder with holes of the desired size, 
surrounded by one with smaller holes to act as a separator for 
dust and very small, particles. Thus, if it is desired to separate 
J-in. material and dust from coarse sand, the former is removed by 
the main cylinder and the latter is separated by the fine screen. 



J. <Sc F. Poole, Ltd., Eayle. ■ 

Fig. 144. — Concentric screen showing sliding screen plates. 

Ratio of Apertures to Product. — It is not sufficiently realised 
that revolving screens must have larger holes than the particles 
they are intended to pass, because the inclination and the rotation 
of the screen both have the effect of making the effective size of 
the holes much smaller than their apparent size. For stones, the 
necessary ratio is readily found, but for sand it is much more 
difficult and, consequently, trials must usually be made of screens 
of various meshes. It is usually found that all the material passing 
through a 40-mesh rotary screen will also pass through a 50-mesh 
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standard sieve, and that the sand which passes through a 90-mesh 
rotary screen will pass almost completely through a 100-mesh 
standard sieve. 

On account of the great difference between the true and effective 
sizes of the holes, it is important to check the sizes of the screened 
particles by hand screening with standard sieves from time to time. 

Speed of Rotation. — The speed at which cylindrical rotary 
sieves are driven varies from 8-30 revs, per min., a speed of 16-20 revs, 
per min. being most usual. Polygonal screens may be driven at 
rather a lower speed than cylindrical ones, in some cases as low 
as 4 revs, per min. being sufficient for separating sand and gravel. 
This avoids much of the wear and tear which occurs in screens 
which are driven at higher speeds. 

Dimensions of Screens. — The dimensions of rotary screens 
should depend on the extent of separation desired. Usually 
each section of the cylinder is 4-6 ft. long and 2-4 ft. in diamc^tor. 
Ample length is essential to secure a clean separation, but it is 
by no means unusual — especially in screens containing several 
sections in series — to find each section is much too short to do 
its work properly. This can best be ascertained by carefully 
examining the respective screened products after passing theun 
through standard hand- sieves. 

Heated Screens. — ^When the sand is damp it will not pass 
readily through or along a screen. This difficulty may be largely 
avoided by fitting a number of steam -pipes beneath the screem 
so as to partially dry the sand and thus facilitate its passage through 
the meshes. Fig. 145 shows an arrangement of this type attaclu^d 
to a rotary sieve. If the sand is very damp, however, it will 
cheaper to use a rotary or other dryer prior to screening. 

Screen-conveyors, — It is often convenient to combine a sc.recui 
and conveyor in such a manner that a material is screened during 
transport. Most screens do this to some extent, but the term 
“ screen-conveyor or '' conveyor-screen ” is usually confintxl to 
those appliances which are primarily conveyors, but also a(^t as 
screens. Such appliances are of several forms, and considcral)h‘ 
ingenuity is often exercised in adapting fresh combinations of 
screens and conveyors to a particular purpose. 

One type of rotary screen- conveyor (Eig. 73) consists of a stout 
shaft, on which are mounted a number of circular plates or discos 
set at a prearranged distance apart. This shaft is fitted in a broad 
slot, in an ordinary chute, so that when the material falls upon 
the edge of the disc the smaller pieces pass between them and ho 
fall out of the chute, whilst the coarser material is carried round 
the circumference of the revolving plates and into the lower portion 
of the chute. This appliance is chiefly of use as a feeder for crushing* 
plants, as it takes up very little space horizontally. 

Another type of screen-conveyor consists of an endless IxR, 
(Fig. 71) composed of links a suitable distance apart and drivcui 
by a pair of sprocket pulleys.' Between the upper and lower 
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through, the perforations, whilst the larger ones are jigged ” 
along the conveyor by a sharp to-and-fro motion imparted to the 
apphance. Such a jigger sieve has the great advantage of moving 
the material uniformly over the surface, and, being horizontal, 
it removes a large percentage of jSne material, thus giving cleaner 
tailings than a sloping screen. At the same time it has the advantage 
over ordinary horizontal sieves of lifting the coarse material from 
the screen at each movement, instead of at longer intervals, as in 
an ordinary to-and-fro sieve, and, as the tailings are automatically 
discharged, there is no stoppage of the sieve to remove rappings.” 
The manner in which the sieve is moved ensures a greater life 
than in the ordinary to-and-fro sieve, and the screening surface 
is much greater than the latter in proportion to the power required. 
As the top of the trough is open, the material can be inspected 
at any time, and any damaged or defective part of the conveyor 
can easily be seen and repaired. 

Dust-proof Casings. — Where sieves are likely to produce much 
dust, as in fine screening, it is desirable to enclose them in a dust- 
proof casing, which prevents a serious loss of material and avoids 
injuring the health of the workers. The shape of the casing depends 
on that of the screen ; it may usually be of wood or sheet-iron 
plates, and should be fitted with doors to give ready access to the 
interior. In some cases a fan is used to draw the dust into a dust- 
collector, from which it may be recovered without loss, whilst the 
air is allowed to escape. These collectors are of two types — 
(a) filters in which the dust-laden air is passed through cloths or 
into bags or “ candles ’’ which retain the dust, but not the air ; 
and {h) separators in which the speed of the air is reduced to such 
an extent that it cannot carry the dust any further, but is obliged 
to deposit it. Filters are usually the more efficient when in good 
order, but require frequent attention. The best results are obtained 
by passing the air first through a separator or depositing chamber, 
and then through a filter. 


CLASSIFYING 

The term ‘‘classification” is particularly applied to the 
separation of a material into groups, the particles in each group 
having the same rate of falling from suspension in water. It may 
serve either of two purposes : {a) separation of particles similar in 
size, but of different specific gravity, and [b) separation of particles 
of uniform specific gravity, but of different sizes. The first purpose 
has been described in Chapter IX, ; the second purpose is that 
known as “ grading,” and is mentioned here because classification 
by means of water or air may often be conveniently employed for 
grading some very fine materials which cannot conveniently be 
separated by sifting. Various methods of classification are largely 
used for separating metalliferous sands into a portion rich in the 
VOL. I 2 H 


466 


CLASSIFYING 


desired metal and a second portion or gangue free from metal ; the 
same methods are also used for gradiag finely ground or levigated 
silica in order to separate the finer from the coarser particles. 

When a classifying device is used for separating fine particles 
from coarser ones, all the particles must be of approximately the 
same specific gravity, as, otherwise, large particles of low specific 
gravity and small particles of high specific gravity will both be 
collected in the “ coarse ” portion. 

The factors governing the speed of settling are given on p. 250. 

The apparatus used for water-classifying is practically the same 
as for washing (p, 384) or concentrating (p. 413), whichever may 
be more suitable. The chief forms of classifier are : (a) troughs 
such as those used for washing (p. 385) and concentrating (p. 415) ; 
(6) pyramidal or conical separators such as the spitzkasten (p. 398), 
spitzlutte (p. 398), or separating cones (p. 394) ; (c) jigs such as 
are used for concentrating (p. 420) ; and {d) centrifugal machines 
(p. 407). 

Classifying with Air 

Air separators are very valuable for classifying fine particles 

of dry material which are too fine to be dealt with by screening. 

They are based on the principle that if the 
mixed particles are suspended in a current 
of air of regulated speed, this stream of 
air will carry the finer particles of sand, 
etc., along with it, whilst the heavier ones 
sink, and may be removed through an 
opening in the bottom of the machine. 

The suspension is sometimes effected 
by blowing a current of air into the 

material to be treated, but a far more 

effective suspension is obtained by allow- 
ing the particles to fall on to a rapidly 
rotating disc. The centrifugal force im- 
parted by the disc to the particles causes 
them to fly ofi the disc at varying rates 
according to their respective sizes, and so 
effects a prehminary separation, whilst 
the current of air which receives them 
after they leave the disc completes the 
classification. 

The air separators of this type (Fig. 
146) now generally used were invented 
by Mumford and Moodie, but they are 
manufactured by several firms, as the 
chief patents have long since expired. 

The material to be sifted is introduced into the separator 
through a hopper G in the centre of the top-plate F, and falls on to a 
rotary spreader which throws it outwards by centrifugal force 



146. — Section of air 
separator. 
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in a thin Htrnain into th(^ nurnait of air drawn ii|)wa,r(l through 
t 1 h‘ a pparaitLs by incaiis of a fan A/, K, ’'riui fine partielos an^ carried 
upwards and pass into th(‘ outaa* casing /I, which leads to a c.hutc^, 
whilst thc^ coarsca* particles, which an^ not lifted by th(‘ curnuit 
of air, fall into ih«‘ iniH*r i*asing B and ar(‘. (udleedcxl i)y means of a 
Hct/ond <'hut(‘ having two outhd^s a, <i. 

In an improved form of s(‘pai*at<)r known a.s tlu^ S(d(d<tor, a. 
nandna- of medal rings are^ a-rrangeal Ixauaith th(‘ sj)r(‘ading plate, and 
tla^air is made to travel up th<^ (‘asing until it inc'cts th(^ dcBtamding 
stream ed' mat(*nal an<l tluai bed-weam th(^ riudal rings, so that thx^ 
fine* mat (‘rial is draavn through th(‘S(t into tlu^ inner casing, whilst 
tb(‘ coarser partiel(*s fall straight down into th(‘. outer (jm^ This 
apparatus giv(‘H a sonunvhat sha,r[)(u* s(‘pa-ration than tlu‘ simplcT 
type* tirst namtiotuxl. 

Tin* sp(‘ed of tin* air passing t.h rough thc! appa,rat,us (‘.an he 
van(‘d within wide* limits in ord<‘r tluit paadich's of a.ny desired 
size may la* s(*parat(‘d, and, if ri(‘(a*ssa.ry, H(‘V<‘ral se})arators can be 
used in H{‘ri(*s so as to ofitain produ(ds of various distinct grades. 

The* air disdiarged from tin* separator ma,y (aintain a considevr- 
al)h* proportion of v<‘ry tine dust-, which should not Ix^ pa.ss(‘(i into 
1h(* atmosphen*, hut shoidd be eolkx'ted ])y in(‘ans of on<‘ or more 
large conical settling tanks, or “ eyelonx^ s(‘parators,'’ arranged in 
th(‘ last tra(U‘s of dust being h(‘ld back by mc‘ans of a. suitable 
tiltiT. If tin* tim^ dust is (piite* us(*less a scrnbbijig towcu’ with 
sprays (»f wnt(*r may 1 h* iikhm* eonv(‘ni(‘nt than a lilttu’. 

By using eyelom* separators of dithu’cnt dianHd.(‘rs, the powdcir 
may In* separated into an e(pial nurnlx*!* of grad(\s of diflcvrcmt 
lineness. 

'Fo obtain th<‘ best results, th(^ material sup[)li(Hl to an air 
s(*paralor should not <’ontain any notahh*. proportion of ]')arti(‘t(^H 
larger Ilian I in. diamet(‘r; and th(^ n(‘arer th(^ material a])proa.eh(^s 
flu* nature of a fxnvder, the* better will be the separation. 

Air separatm-H an* only satisfa(dory wlum properly supplicxl 
with suitabh* material, but an^ th(*n nipid in iud.ion and havc^ a 
large* tmlpyt. It is most iiiiportant, how{‘.veu% ttiat tli(‘ liiaterial 
shotdd be suflieiently dry, or th<^ partMc^s will adlurcj togedher 
and will md !x* pro{x*rIy sc^paralcxl b^^ tlu^ (nirnvnt/ of air. To 
assist in tlic* H(*paralion <if dam[i materials th(*. uh(^ of fiot air is 
Hoiiietimi'M n*eomm(*nded, hut it invoiv(%s diflie.ultic^H due to its 
feeble carrying power. Tin* maehirn^ must Ix^ f(‘d a4 a (xmstant 
ntf(*, and spetdal (‘are is net'ded riot- to(iV(*rload it, so that n, jmeeliani(‘.al 
feisling d(‘vic<* is desira.hh*. 

If is oftmi eofivi*ni(*nt , and cpiite satisfactory, to (JonruHd. an 
air Hcpanitor to a ball mill, the? pnxiiud. from the mill pa^ssing 
into tile Hcparator, and tlx* ‘Mailings*’ being ndnrned to thcs mill 
for furl lew grinding. Hiinpl<‘Ht nutans of d(‘.liv<‘ry from t-lu*. 

mill to tlie H(*parator is a faudud (devator, hut. if the- wlioh^ of tlic^ 
product, is sufliMently fine it may lx* drawn from t.ln^ mill by a 
etirrenf of air nnuaxl by tlx* fan in tlx* H(*parat.<r. 

veer.,. I 
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ARRANGEMENT OF PLANT 


Air separators have the advantage over sieves of being very rapid 
in operation, having a large output, and being capable of grading 
particles which are too small to be separated by sieves. They 
require little power, and only occupy a. small door space. 

The fact must not be overlooked that an air separator tends 
to separate the particles in accordance with both their specific 
gravity and size, as a minute ]Darticle of high specific gravity would 
be carried away by a stream of air of the same speed as would 
carry a large particle of smaller specific gravity. In the case of 
comparatively pure sands, where all the particles are of the same 
specific gravity, the separation is strictly according to size, but 
this would not be the case with a powder composed of substances 
of widely different specific gravities. 


ARRANGEMENT OF PLANT 

The various parts of the plant used in crushing and purifying 
sand should be so placed that the sand or rock travels by gravity 
through the crushers and screens, washers, etc., to the trucks 
or to the storage bins, even if this necessitates raising the raw 
material in lifts or elevators to the crushers, etc. 

The discharge outlets of the bins should be, as far as possible, 
at a convenient height above the railway, though each works 
must be considered separately and local conditions taken fully 
into consideration. It is not unusual to have the final products 
much below the railway, so that they have to be raised to the 
latter ; when this is the case it will usuaUy be found, on investigation, 
that a cheaper arrangement would have been to have used smaller 
wagons or a conveyor to raise the sand or rock to a height sufficient 
to deliver the finished product above the top of the railway trucks. 
A typical arrangement of a plant is shown in Fig. 121 (p. 424), but 
conditions differ so greatly in different works that ‘"standard 
designs ’’ are of little value. The skill of the expert is largely 
shown by an efficient and economical arrangement of the plant to 
suit local conditions. 
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CH APTER XI 

STORAGE, PACKING, AND DESPATCHING SANDS 


Thh pr<)l)l(‘nii of Htorini);, packing, and (l(div<*nng sandH or crnHlicMl 
rockH in oin* which nccdn candul consichn'ation in arranging Hic* 
plant, RH itH output in Iarg(*ly controlk^d by tlu^ Ht-oragc capacu'ty, 
aiui a “ hoitU*. n(‘ck may nuain a Hcu’iotiB Iokh in working. During 
Uic \vintf*r months the pr<‘para.t ion of sands is gcru ‘.rally diHc-ontimi(‘d, 
but as there is usually a limited dennand for rnabu’ial during t/lu^se 
months, Huitabk* arrangenrumts should lx*, riiade to provide', sudicuenit 
storage* e*apaeity to meet, the* dennand. It is most, important tlia-t 
I Ids marki't should not be* iH'gh'ctesl, as high j)ri(a^H can oftem be*, 
eddained during the* wint(‘r months em aextount of tJie. gre^ateu’ 
scarcity of a.vaila.bl(* sand. 

Manufaettirers of cruslu'd stone* earn usually work all the* ye‘ar 
roumb but as the* demand is ned. lU'arly ho gre*at (hiring t.he^ winte'r 
an in the summer, th(*v must entluT work the. plant at 1(*hh than 
its full eapac'ity, or provide* storage* spaca*. for all the* mate*rial in 

ex«*eHH of d<*mandH. 

Two liH'thods are* availabb for storing sands, (ite.. : (i.) Hiorage*. 
In bins, and (ii.) storage* in of)(‘n pih^s. 

It will he* obvious that the* cost of bins for storing mate*rial 
for four montliHor more^ would In* (exorbitant, so that largee quantit.ies 
are usually storeal on thee ground in fiile^s or '‘dumps.'’ The 
Hituatimi of thi*He^ dumjiH should h(^ eairedidly ec>nHi(i(‘nxl, as it 
should fulfil the? following (xinditions : (a) It muHt be^ Hulheuemily 
iie*ar to the plant ho that dumping cam he earricKi out eHxmomie^ally. 
(hj It iiiuhI lud inte‘rfe*re. with anyothe‘r fiart of the^ works, and must 
nett reiide»r any usedul material inacee^Hsibk^. (c) It must he^ c’.on- 
%0‘iiientl\’ plaeed ho that the^ sand earn he^ readily loadexi into truedis 
for fraiiHport by rail, road, wate*r, or whatever means are; emiployexb 
it!) There rniiHt la* no dange;r of damage if any slipping of t.*he 
iiialeriiil in the pih‘H cnamrs. (r) If the sand is likely to remain in 
the pile for Kome time* it may reepure furthesr treaitme.nt, Hindi as 
screening before it is loade*d for transfiort, in wdiie.h ease* it must 
l«* e'asily transported to tiie^ maediine^ useai for Hindi treaitment. 

Dnuind Hiorage*, when a..rninge*d in acxiordance with the. abovco 
iiientioned rules and any other local conditions which may arise*., 
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STORAGE OE BANDS 


is very cheap, and amply repays the cost of storage. On the other 
hand, piles which are badly placed may prove to be important 
sources of loss. The delivering of the material to the piles is 
preferably made by means of a b^elt conveyor or ropeway (Figs. 147 
and 148), arranged so as to pass over the pile and discharge on to 



Fig. 147. — Open pile storage. 


it. ^ This is by far the cheapest method, provided care is taken 
in its installation. A canvas belt is quite satisfactory for sand, 
but rubber is better for crushed stone. The details of construction 
to be noticed in connection with belt conveyors are described on 
pp. 328-335. The conveyor receives the material direct from the 
screens or other parts of the plant, and should be arranged so as 
to give ample tipping space. The conveyor may be discharged 
by any suitable automatic arrangement, such as by scraping or 


TRIPPER 



tilting the belt (Fig. 55). The latter is better, as it does not abrade 
the surface of the belt so seriously as a scraper. The serious effect 
of a scraper is due to its being stationary whilst in use ; the damage 
is greatly lessened if the lower part of the scraper consists of a 
brass roller, mounted on ball-bearings and running the length 
of the scraper. The friction between the belt and roller causes 
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the latter to revolve and so reduces the scraping effect to a 
minimum. 

The chief difficulty experienced in constructing temporary 
piles of sand or similar materials is due to the fact that an over- 



i 

Fig. 149. — Harrington rocking cableway. 


head conveyor or ropeway forms a long narrow pile instead of 
a short broad one. This is an almost inevitable result of the 
use of such appliances. It may be obviated to some extent 
by having the belt or rope supported on uprights which are pivoted 
near their base, so that their tops may be moved through a con- 
siderable angle to either side of the vertical position (Fig. 149). 
By this means the centre of the j^ile may be extended horizontally 
on either side of the vertical supports to a distance eq[ual to the 
maximum height of the pile. Thus, if the pile is 30 ft. high, it 
can by this means be extended so as to consist of three separate 
long piles parallel to each other 
and having their centres 30 ft. 
apart. If the angle of repose is 
taken as 40°, the total width of 
the three piles will be 131 ft., and 
as the space between them can 
be filled up level with the top 
of each pile the total amount of 
material present will be about 2J 
times as much as if a single pile 
had been formed by the same con- 
veyor with fixed vertical uprights. 

The only difficulty with this ar- 
rangement is the provision of a 
structure to which to attach the 
horizontal guy -ropes which are 
needed when the supports are in 
a steeply inclined position. 

An alternative method is to provide a movable transverse 
belt below the main conveyor (Fig. 150), and to use this to extend 
the width of the pile. 

It is sometimes desirable to have retaining walls on either 
side of the tip so as to prevent the material spreading too far. 



Fig. 150. — Transverse conveyor. 
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Storage in open piles is more common in this country than any 
other method, but it is not really economical if the piled material 
has later to be loaded by hand into wagons. It is far better to 
store as much as possible of the material in bins, so as to avoid 
the cost of rehandling. In addition, the bins keep it clean ; this 
is especially important in the case of purer sands such as those 
used for glass-making. In America, bins are used far more than 
in this country. 

Reloading. — Various methods are used for reloading the sand 
or crushed stone. The use of labourers with shovels is the most 
common, but if there is a large amount of material in the pile 
it win usually be cheaper to employ a mechanical loading device. 
One of the simplest of these consists in running a bucket loader, 
such as is described on p. 308, up to the pile and loading direct 
into trucks ; or if the rail does not run sufficiently near to the tip, 
the bucket loader may discharge on to a belt conveyor which 
conveys the material to the trucks, or to the plant for recrushing 
or screening. 

Grabs, or any other suitable methods of loading (see Chapter VII.), 
may also be used, different conditions necessitating different 
methods of working. 

Another useful method of reloading consists in having a trench 
covered with stout planks beneath the tip. Wagons may be run 
along the trench and filled from the pile above as in the case of 
a simple hopper. The disadvantage of such an arrangement is 
that the cost of trenching is often as great as the construction 
of a bin of sufficient size. The top of the trench should be sufficiently 
strong to support the great weight of material piled above it. 
Such a trench may be built of any convenient size, though if 
railway trucks are to be used it should be at least 15 ft. wide 
and about 15 ft. high. It is often convenient to arrange the rails 
so as to have a slight slope, which aids in passing the trucks through 
the tunnel, or some mechanical haulage device may be provided. 
If desired, a belt conveyor may be run through the tunnel instead 
of cars. In such cases, the trench need only be about 7 ft. square. 
A further disadvantage of such a trench or tunnel is that the whole 
of the material cannot be loaded through it, as the lower portion 
of the pile will not slide into the trench. Other means must, 
therefore, be employed for recovering that portion of the pile, 
or it may be left so as to provide permanent slopes down which 
the upper part of the freshly tipped sand may slide into the tunnel. 

Storage bins of wood, brickwork, or concrete are used for holding 
a comparatively small amount of material. In most cases, the 
capacity of the bins is only about two or three days’ supply on 
account of the great expense involved in their construction ; the 
remainder of the stock on hand is usually stored in open piles 
as described previously. 

Storage bins usually consist* of square, rectangular, or round 
bins, supported on columns, or by other suitable means, and having 
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a conical or inverted pyramidal hopper at the bottom down which 
the material passes to an outlet in the base. Other outlets in 
the sides of the bins are convenient for loading carts. The outlets 
should be closed by suitable “ gates ” or slides, which should 
be easily operated and yet should be quite tight when closed. 
Some gates ” are difficult to use satisfactorily because they 
have been designed for gravel, or other coarse material, and not 
for sand. A slide with rackwork and pinion, if kept properly 
lubricated, is usually the most satisfactory gate ” for sand bins. 
The bins may be of any convenient height, though an excessive 
height will unduly increase the cost of construction, as the bins 
must be designed to withstand the pressure of the sand in them. 
A bin 16 ft. square and 48 ft. high from the bottom of the hopper 
to the top of the bin will hold nearly 400 tons of sand, assuming 
that the sand weighs approximately 90 lb. per cu. ft. This is 
about the maximum convenient size of bins, especially when the 
cost of construction is taken into consideration. Much shallower 
bins are often used, another very convenient size being about 
18 ft. square and 30 ft. high ; such bins have a capacity of nearly 
270 tons. 

The sides of the hopper should slope at an angle of about 
60 degrees with the horizontal so that the sand will readily slide 
down the sides. Too small a slope will cause clogging of the sand 
in the hopper, and trouble is then certain to result. 

Ample space should be left beneath the hopper so that full- 
sized railway trucks may be run underneath, the rails beneath 
the bins forming a siding from which the trucks can be run on to 
the main line. 

The bins should preferably be covered over with a permanent 
roof so as to protect the material from the weather. In some 
cases, the whole of the plant is erected over the bins, and so serves 
as a roof. 

The details of design and construction of the bins are preferably 
left to a firm skilled in such work, as an accident resulting from 
defects due to amateur work might be disastrous. 

The material is conveyed to the bins by different means accord- 
ing to the respective locations of the bins and machinery. When 
the bins are below the machinery, the material may be carried 
from the latter by means of chutes ; whilst if the machinery is below 
the level of the top of the bins, the sand must be raised by means 
of elevators and afterwards discharged into the bins. Where 
several bins are to be filled with the same material it may be dis- 
tributed by means of screw or belt conveyors. Grabs (p. 287) 
are also used for filling the bins and, if necessary, for lifting material 
from the bins and loading into wagons. In this way a bin can 
be emptied from the bottom and top at the same time. 

Bagging or Sacking. — The purest sands, such as those used 
for glass manufacture, are sometimes packed in sacks for transport. 
The sacks may he filled either by hand or by an automatic machine. 



474 BAGGING OE SACKING SANDS 

The former is preferable for small quantities, but where much 
material is put into sacks or bags a machine is best. 

Automatic sack-fillers (Fig. 151) usually consist of a balance 
to one arm of which is attached the end of a tube through which 
the sand passes from the bin or hopper, weights being attached 
to the other arm. The sack is fastened to the end of the discharge 
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Fia. 151. — Sack-filler. 


tube and is filled by opening a valve in the tube from the bin. 
When the weights and the sack balance each other, the valve is 
automatically closed and the sack removed and tied. In some 
forms of bagging machine, the discharge tube is in the form of 
an inverted Y and with balances ; one sack is filled by the sand 
passing down one branch of the Y, and the other is filled by reversing 
the feed valve. In this way, the sacks can be filled more quickly 
than with a plain feeding tube. 



DESPATCHING SANDS 


475 


Despatching. — Sand may be delivered to the customer by 
various means : for short distances motor lorries (p. 340) are 
probably the best ; for longer distances railways (p. 342) or water 
carriage (p. 342) is necessary. 

The lorries, trucks, barges, etc., which may be used for convey- 
ing loose sand should be cleaned carefully before being filled with 
the material, and should preferably be kept for conveying sand 
and nothing else ; otherwise the sand is liable to be contaminated 
by foreign matter, with results which may, in some cases, be serious. 
Where the sand is carried in bags, this precaution is not so important, 
though even then clean trucks, etc., are preferable to dirty ones. 

For most purposes, the sand may be despatched in ordinary 
open trucks, wagons, or barges, as it is not affected by weather, but 
covered conveyances should be used for specially pure sands, such 
as those used for glass manufacture, etc. 
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